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INTRODUCTION 
It has already "been found that volitional activity of ro­
dents can be altered by treatment with radiation. Recently at 
this laboratory, two genetically differentiated strains of inbred 
mice were found to be distinguishable on the basis of average 
level of activity following a dose of 320 r whole-body X-irradi-
ation (Huff, 1958). Briefly, the results indicated that : (1) 
the treatment resulted in an initial decrease in activity in 
both strains ; (2) the magnitude and duration of the decrease 
varied, and were strain-dependent on the average; (3) recovery 
appeared to take place within the 24-day period of observation; 
and (4) non-irradiated animals from the two strains could not be 
differentiated in regard to activity levels. These data provide 
an answer to the basic question: Does a dose of radiation 
below the median lethal dose have a measureable effect on vo­
litional activity? However, the establishment of the exist­
ence of an effect introduces additional questions, more spe­
cifically , (1) Is the response of the irradiated animal due 
to the involvement of a particular organ or group of organs, 
or is it a generalized reaction to quantity of body cells ex­
posed? (2) Is the recovery exhibited by irradiated animals 
complete, or are there more permanent long-range effects of 
the treatment on activity? and (3) how are the different 
genetic backgrounds influencing the responses of the two 
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strains? The experiments described herein were undertaken in 
order to verify the initial results and to provide, insofar as 
possible, answers to the questions raised by these results. 
It is at a dose such as 320 r that the responses in question 
are of the most interest, since at this level gross radiation 
damage is not readily apparent, and any functional changes 
which can be demonstrated would be of prime importance. 
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REVIEW OF LITERATURE 
Methods of Measuring Activity 
The mechanisms most widely used for measuring activity 
are the activity wheel, first used by Stewart (1898), and the 
tambour-mounted cage, devised by Szymanskl (1914). Since 
their introduction, various modifications have been made on 
both types of apparatus (Munn, 1950). 
Basically, the modern activity wheel unit consists of a 
small cage providing living accommodations for the animal 
(i..e,., food, water, and sleeping space) adjoining a wheel 
which is connected to a counter or some other type of record­
ing device. The size of the living cage is designed to en­
courage the animal to expend most of his energy running in the 
wheel, each revolution being recorded, thereby supplying the 
experimenter with a measurement of the animal's activity level. 
In many experiments, activity is recorded per 24-hour periods 
for the duration of the experiment, although more refined 
equipment is available for measuring other properties of ac­
tivity also; , Eayrs ( 1954a) has devised an apparatus 
which will record the distance run, hour by hour, the propor­
tion of each hour spent in running, and the velocity of running. 
Specifications for a standard activity wheel have "been 
listed by Skinner (1933): 
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1. The radius of the wheel should, be at least twice the 
greatest length of the surface touched by the running animal. 
2. The moment of inertia should be twice the weight of 
the animal. 
3. If the weight of the animal (rat in this example) is 
175 grams and the moment of inertia is 350, then the sliding 
friction should be 10 grams. 
4. The pathway should be wide enough to permit unob­
structed running, but narrow enough to prevent wandering from 
side to side by the animal. 
5. The surface must be adapted for level running, yet 
provide adequate grip for climbing a slope and controlling 
momentum during any change in velocity. 
6. The construction must allow for the strain of centrif­
ugal forces, weight of the animal, and frequency of stepping 
Impact, so as not to cause extra vibration. 
7. If friction is applied, very little torsion of the 
wheel about its axis should be possible. Otherwise the wheel 
would whip during any change in velocity. 
8. The wheel should be quiet. 
These specifications attempt to simulate normal running 
conditions on a straight level path. 
The other basic technique for measuring activity, first 
used by Szyraanski (1914), measures the activity of the animal 
in an essentially ordinary animal cage. An example of this 
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type of unit is described by Campbell (1954). His device con­
sists of a cylindrical wire mesh cage resting on a cake pan 
mounted on a machine screw pivot, the cake pan in turn resting 
on four sensitive microswitches placed at 90° angles. Any 
movement within the case is recorded except for minor ones 
lacking vigor and extent. A cookie cutter fastened upside 
down in the middle of the cake pan prevents the animal from 
sitting in the middle of the cage and advancing the counter 
by making minor shifts in position. 
Obviously, the activity wheel and the activity cage do 
not measure precisely the same type of activity. The activity 
cage can measure total activity of the animal, including eat­
ing and drinking. On the other hand, the activity wheel pro­
vides an outlet for a vigorous type of activity that is not 
possible, or at least not so readily suggested to the animal, 
in the activity cage. Seward and Pereboom (1955) suggested 
that running in the activity wheel may actually be an inte­
grated response subject to the principles of learning. How­
ever, an experiment in which it was attempted to influence the 
amount of running by food rewards showed no difference in the 
experimental and control groups. Shirley (1928c) showed that 
activity is only very slightly related to proficiency in a 
test of learning ability. 
The amount of time necessary for an animal to adapt to 
the environment is different in the two types of apparatus. 
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As might be expected, the animal strikes his stride more read­
ily in the activity cage, which is more like the environment 
he has been accustomed to in a laboratory. Campbell (1954) 
states that his activity cage requires only 24 hours adapta­
tion. In an experiment comparing the performance of rats in 
activity wheels and activity cages, Eayrs (1954b) reported 
that 21 days of adaptation were necessary in the wheels, where­
as no adaptation appeared necessary in the cages. He also 
found that there was more variation between a group of rats in 
wheels than between a similar group in cages ; that the rhythmic 
activity associated with daylight-darkness and with estrus -
(these effects on activity will be discussed later) is more 
pronounced in wheels than in cages; and that there is no cor­
relation between the activity levels of the same rat in the 
wheel and in the cage. Finally, Eayrs as well as many other 
investigators noted that a great deal more activity was re­
corded in the wheels than in the cages, the average yards per 
24 hours being 6820 in the wheels as compared to 165 yards in 
the cages. 
Factors Influencing Activity Measurement 
The large individual differences in level of activity 
among a group of animals of the same age and sex and having 
the same environment led Rundquist (1933) to Investigate the 
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possibility of a genetic explanation for at least part of these 
differences. Accordingly, he measured the activity of a group 
of rats for 21 days in activity wheels, and then selectively 
bred, them for relative activity and for relative inactivity. 
This process was continued for 12 generations, during which 
the difference between the two groups increased, largely due 
to progressively decreasing activity on the part of the group 
being bred for inactivity. Rundquist concluded that individual 
differences in spontaneous activity are largely inherent. 
Brody (1942) continued the work, using Rundquist1 s active and 
inactive strains carried on to the 29th generation. She was 
able to further decrease activity in the inactive strain, but 
was not able to increase activity in the active strain. Ac­
tive rats continued to produce progeny varying in degree of 
activity, whereas inactive rats produced no active progeny. 
This suggests a heterotic influence on activity, in which se­
lection for activity causes selection of heterozygotes, and 
selection for inactivity is selection for animals tending to­
ward homozygosity. Brody, however, hypothesized a single gene 
difference between the active and inactive strain, this gene 
acting as an inhibitor of activity. She conceded that if her 
hypothesis is correct, then there must be other factors, both 
genetic and environmental, operating as modifiers. Thompson 
(1956) measured activity levels of five strains of inbred mice 
and found differences' of such an extent that there was no 
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overlap between activity levels of mice from the most active 
strain and mice from the two least active strains. In two 
tests of activity, all strains except one retained the same 
rank order. Random-bred mice were much more variable in ac­
tivity levels than were the inbred mice within each strain. 
In an experiment to determine the magnitude of variability 
within inbred and cross bred mice, Mordkoff and Fuller (1959) 
concluded that the genetic background has an effect on activity, 
but no great differences in variability between inbred, hybrid, 
and random-bred mice were apparent. 
There is general agreement among investigators that the 
age of the animal will influence his activity. There is also 
agreement to the statement that very young and very old rats 
are less active than those in-between. However, there is some 
disagreement as to just what is the most active age. Slonaker 
(1907), observing the activity of four rate throughout their 
lifetimes, as recorded in activity wheels, noted that the age 
of greatest activity was between 87 and 120 days. Later, the 
same author (1912), in another lifetime study involving an­
other four rats, observed that the daily activity increased 
during about the first one third of life (10 to 12 months) and 
thereafter gradually decreased until death. In a still later 
experiment, Slonaker (1926) observed that the peak of activity 
was reached sometime -between the 10th and 15th month of life. 
Richter (1922), using a larger group of animals (40 rats rang­
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ing in age from 26 to 700 days), found the peak of activity to 
be at 100 days in activity wheels, and 175 days in activity 
cages. Soon after the peak was reached, the animal gradually 
became less active. Shirley (1928b) observed the peak of ac­
tivity to be at 9 months in a group of 66 rats placed in ac­
tivity wheels. Jones et_ al. , ( 1953) studied the activity of 
rats of different age groups over a seven-week period in ac­
tivity wheels. They observed the age of maximum activity to 
be between 87 and 120 days. They concluded that for animals 
of equal experience, activity varies inversely with age; and 
that for animals of equal age, activity varies directly with 
experience. 
All investigators working with both male and female rats 
have found that the females are much more active than the 
males. Hitchcock (1925) observed 71 white rats over a period 
of six months and calculated male activity as 56 per cent of 
that of the females. Finger (1951) found that females were 
3^ times as active as males. It has also been discovered that 
female activity is cyclic, governed by the 4-day estrous cycle, 
the period of oestrum being correlated with maximum activity 
(Wang, 1923). Although there is no such cycle in the male, 
his activity has been found to fluctuate with the estrous 
cycle of the female, if the female is nearby (Slonaker, 1939). 
Removal of the ovaries of the female causes a 60-95 per cent 
drop in activity and the disappearance of cyclic activity 
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(Wang, 1923, and Richter, 1927). Transplantation of ovaries 
into castrated males increases activity and causes 4-day cy­
clic activity in some males (Wang _et al. , 1925). Young and 
Fish (1945) showed that estrone, an estrogen secreted period­
ically from the Graafian follicles of the ovaries, is the hor­
mone responsible for the typical female activity level and 
cycle. Castration decreases male activity (Hoskins, 1925, and 
Richter, 1933), but injection of the testicular hormone, 
testosterone, does not increase the activity of castrated 
males (Heller, 1932). Estrone, as already indicated, does in­
crease male activity, however, and Hoskins and Small (1940) 
found that a weekly dose of 25 mg. of a synthetic estrogen, 
diethyl stilbestrol, increases the activity of normal and se­
nile male rat s by from 50 to 3000 per cent. Other glands, the 
removal of which causes decreased activity in both sexes, are 
the thyroid, the adrenal cortex, and the anterior pituitary 
(Munn, 1950). 
Richter (1922) observed that his rats tended to be more 
active in cool temperatures than in warm ones, but that below 
13°C. activity decreased. He was unsuccessful in correlating 
activity with humidity. Shirley (1928a), analyzing a group of 
experiments in which temperature was uncontrolled, stated that 
within a 10° limit (70 to 80°F. in her case) temperature fluc­
tuation had a negligible effect on activity. Browman (1943) 
making a controlled study of temperature effect, using hot 
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(27°C.), moderate (23°C.) and cool (16°C.) temperatures, found 
that among 32 female rats the peak of activity occurred with 
the cool temperature. Zollhauser (1958) found that heat in­
creased the activity of mice, whereas moderate cold decreased 
it. In his experiment, only extreme cold increased activity. 
It has been established by many investigators that rats 
are primarily nocturnal (Richter, 1922; Browman, 1937 and 1943; 
Finger, 1951). Richter (1922) compared the ratio of nocturnal 
to diurnal activity at different ages, and found that the rats 
became more nocturnal, in terms of activity, with age. Brow­
man (1937) reversed day-night light conditions, and found that 
this caused the group of 15 female rats to reverse their ac­
tivity rhythm correspondingly. Furthermore, he found that if 
the rats, accustomed to the ordinary day-night cycle, were 
subjected to constant darkness, they tended to keep the ac­
tivity rhythm with which they entered the period of darkness. 
On the other hand, when subjected to continuous light, both 
the activity rhythms and the estrous rhythms were disturbed. 
Browman also noted that animals accustomed to exactly opposite 
periods of light and dark continued their opposite activity 
rhythms when placed in continuous darkness even though in ad­
jacent activity wheels ; i._e. , the activity rhythm of one 
animal apparently exerts no influence on another. 
A great amount of the work with activity has involved 
nutrition. Munn (1950) has reviewed the earlier work, which 
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can be summed up by the generalization that deficiency, If It 
does not become too great, increases activity, presumably by 
increasing drive. Continued deficiency eventually results in 
decreased activity, which is to be expected because of the 
degeneration of the health of the animal. At one time it was 
a common practice to feed the animals at a specified time each 
day, after which period the food was removed. However, Richter 
(1922) found that the time of feeding the animals influenced 
their performance in activity wheels. More recently, Finger 
(1951) and Finger and Reid (1952) studied the separate effects 
of food and water deprivation on rats, both for 24-hour and 
72-hour periods. A period of satiation, in which food or wa­
ter was always available, followed the deprivation period. 
Food deprivation for 72 hours caused a steady increase in ac­
tivity, as measured in per cent of previous activity, until 
at the end of the period the deprived rats showed a 94.2 per 
cent greater increase relative to their base activity than 
did the control rats. The onset of the satiation period was 
accompanied by a marked initial decrease In activity of the 
experimental rats, followed by a slow increase until the ac­
tivity of the experimental rats was approximately equal to 
that of the controls in terms of base activity. The results 
were lees striking, but essentially the same with 24-hour 
deprivation. Water deprivation had a similar effect, although 
both effects are somewhat confounded, since rats without water 
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eat less food, and vice versa. Hall et_ al. , (1953), working 
with the same type of experiment, except that food was re­
stricted to 1 hour daily rather than completely omitted, ob­
served the rise in activity with restricted food, but did not 
observe the sharp fall with the following ad libitum feeding; 
instead, the experimental group returned to the same level of 
activity as the controls. Campbell and Sheffield (1953), 
using Campbell's activity cages rather than activity wheels, 
observed no effect of 72 hours of starvation in 12 Wistar rats 
as long as the environment remained constant. However, if a 
stimulus was introduced (light) for 10 minutes daily during 
the period of starvation, the activity increased for that pe­
riod, and this increase was greater on each consecutive day of 
starvation. The authors concluded that starvation does not 
instigate activity, but only lowers the threshold for normal 
stimuli to activity. Unfortunately, there were no controls 
subjected to the stimulus but not to starvation. 
Lashley (1920) reported that injuries to the frontal area 
of the brain result in increased activity, whereas occipital 
or parietal lesions decrease activity. However, because of 
the small number of animals and the large individual differ­
ences, this paper by no means settled the question. Richter 
and Hawkes (1939) also reported that removal of frontal tis­
sues increases activity in revolving drums, and they suggested 
that the operations decrease the normal inhibitory properties 
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of the cerebral cortex. Beach (1941) removed various amounts 
of tissue from either the frontal or posterior cortex of 23 
male rats. After 20 days of recuperation, he too found an in­
crease in activity, averaging 122 per cent in animals with 
frontal lesions. However, he also found an increased, amount 
of activity in animals with posterior lesions, although this 
increase was less striking, averaging 27 per cent. In another 
type of activity measurement (counting the number of squares 
crossed by a rat in a given time in an open field) Beach ar­
rived at the same general conclusion; i._e. , the activity gra­
dient from highest to lowest was : rats with frontal lesions, 
rats with posterior lesions, and lastly, normal rats. 
The finding of Jones e_t al. ( 1955) that for animals of 
equal age, activity varies directly with experience has already 
been mentioned. The necessity for an adaptation period, in 
which the animal can adjust to the environment, before measur­
ing a treatment effect has also been referred to in connection 
with Eayrs' (1954b) calculation as to the proper length of ad­
aptation in the activity wheel and in the activity cage. Re­
searchers in activity problems often disagree as to the time 
necessary for an animal to adapt to the activity wheel. It is 
uniformly observed that when naive animals are placed in activity 
wheels, their initial activity is low. In studies in which ani­
mals have been left in activity wheels for their lifetimes, it has 
been found that in old age the activity tends to drop to, or nearly 
to, the initial, relatively inactive level (Slonaker, 1912 and 
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1926; Richter, 1922). The activity level in between the be­
ginning of an experiment and the end of it is characterized by 
many fluctuations in addition to the estrous fluctuation, which 
is one of the difficulties encountered in attempting to deter­
mine an age of maximum activity. In general, lifetime activ­
ity curves show a rise in activity to a given point, followed 
by a decline in activity to death. Slonaker (1926) observed 
that gradual fluctuations in daily activity, common to both 
sexes, extend over long periods of time, 200 days or more, and 
on these are superimposed shorter fluctuations. The lack of 
synchronism of these fluctuations in a group of animals indi­
cates that changes In environment are not the cause. Hitchcock 
(1925), observing rats of both sexes over a period of 6 months, 
obtained some evidence for a seasonal variation in activity, 
resulting in increased activity In spring and early summer. He 
also observed in the males, which exhibited no estrous fluctu­
ation, an average daily variation of nearly 50 per cent of the 
average daily activity. Shirley (1928b) found that if she 
ranked a group of 66 male rats according to level of activity 
there was considerable shifting of these ranks.between the 
ages of 2 and 4 months, but that after this time the rats 
tended to maintain a constant relative position in the group. 
She also observed that although there was fluctuation in ac­
tivity, several "plateaus" of activity occurred, in which a 
given animal's activity level was relatively constant for a 
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few days. The first of these plateaus occurred earlier in 
young animals (36 days old) than in older ones (100 days old), 
occurring after 9 and 15 days in the wheels, respectively. 
This is in line with Richter1s (1922) observation that younger 
rats tended to "adapt" more quickly than older animals. Jones 
et al., (1953), however, measuring activity for 7 weeks, found 
that older rats reached plateaus sooner than younger ones, and 
that these plateaus equalled peak activity levels at older 
ages, whereas at younger ages, the plateau occurred after the 
peak had been reached, and was somewhat lower. These investi­
gators actually did produce what appeared to be a levelling-
off period; however, their curves were derived from mean revo­
lutions per day based on weekly averages. Because of the gen­
eral lack of a levelling-off process in activity, the adapta­
tion period is more or less arbitrary, the most common prac­
tice at present being to adapt the animal in the activity 
wheel for from 10 to 20 days. Another factor affecting activ­
ity level occurs if there is a break in the experiment during 
which the animal does not have access to the activity wheel. 
Shirley (1928b), using over 100 rats, which were alternated 
between a day of activity and a given period of confinement to 
a small cage, found that rest periods one to two days long 
tended to be followed by decreased activity. In analyzing the 
effect of 1 to 2-day rest periods on individual animals, she 
found that in general, the increased average activity was due 
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to increased activity on the part of the rats who previously 
had been the most active of the group, whereas the rats which 
had previously been relatively inactive were actually exhib­
iting decreased activity following the rest period. In other 
words, the short rest period seemed to be causing accentuation 
of the animal's previous tendency to be either relatively ac­
tive or relatively inactive. 
Effect of the Activity Wheel Environment on the Animal 
Slonaker (1912) has observed that if a group of rats is 
placed in activity wheels, and a comparable group is placed in 
individual living cages in the same room, the animals in the 
activity wheels have a shorter life span than the controls, 
the age at death being 26 to 34 months for exercised rats and 
36 to 46 months for controls. In spite of this, he also made 
the observation that his exercised rats were more alert and 
brighter in appearance than the control rats. 
Although within a group of rats living in activity wheels, 
weight is not correlated with activity level (Shirley, 1928a; 
Billingslea, 1940) Slonaker's data showed that in comparison 
with non-exercised controls, the exercised rats took longer to 
reach their maximum weight and remained lighter. 
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Effects of Radiation on Activity and 
Related Functions and Structures 
Among the first work done involving the relationship be­
tween radiation and activity was a study concerning the per­
formance of surviving Carworth CF-1 female mice in a forced 
exercise test after exposure at 8 weeks of age to a midlethal 
dose of fast neutrons (90n). (Stapleton and Curtis, 1946). 
Each mouse was subjected to one hour weekly in an activity 
wheel (with no connecting cage) situated above an air jet, 
which provided the motivation for continuous activity. Three 
irradiated mice and 3 control mice from the same strain were 
observed at the same time. 
The Irradiated mice showed a continuous loss of vitality 
(as measured by rate of running in the wheel) beginning imme­
diately and extending over a period of 300 days after exposure. 
The controls showed no appreciable loss of vitality up to about 
8 months of age (after 180 days of testing), after which a 
gradual loss was noted. At about the same time (180 days after 
the beginning of the testing period) the treated animals began 
showing signs of premature aging (gray and thinning hair, loss 
of eyesight) and after 30 weeks their vitality was only 25-40 
per cent of normal (control) vitality. 
This experiment was repeated twice, with 6 animals in­
volved, and the third repetition, involving more animals, was 
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in progress at the time of the report. All showed similar 
trends. 
However, the authors decided to alter the procedure 
3lightly by subjecting another group of animals (number not 
specified) to a 3-week adaptation period before treatment, in 
which each animal was measured every third day. From the 
survivors after irradiation, mice were selected that had tended 
to attain a consistent maximum in rate of running during adap­
tation. Yfhen these mice were tested for effect of radiation, 
no difference between control and experimental groups was found. 
This point has been ignored in most references to this work. 
The investigators believed that their method of selection had 
resulted in the use of the healthiest mice, which would tend 
to be the most radio-resistant. But the possibility must also 
be considered that selection of these mice tended to equalize 
the potential vitality of the experimental group and the con­
trol group. In experiments involving small numbers of ani­
mals, the probability of getting two groups which would differ 
significantly without treatment is fairly high. Still, the 
fact that these workers obtained data from three experiments 
which were in essential agreement must not be overlooked. 
McKeen et_ al. ( 1949) tested the endurance of Sprague-
Dawley rats following X-irradiation, by measuring the length 
of time an animal with a 14 gram weight around his neck could 
stay afloat in a jar containing 15 inches of water. Nine doses, 
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from 50 r to 800 r, were used, with 10 rats per group. Thirty-
five rats were used as controls. Treatments were applied after 
two adaptation periods, and the first test was made 5 hours 
later followed by subsequent daily tests for 15 days. Results 
for each rat were measured against his performance before treat­
ment. In the first test (5 hours after treatment) all irradi­
ated groups except that given 100 r were lower in endurance 
than they had been previously. The subsequent trials showed no 
effect of treatment for doses of 500 r or lower. Only the 
group given 800 r evidenced continued lowered performance. The 
decrements in endurance 5 hours after treatment showed little 
relationship to dose; for example, by far the greatest decre­
ment was observed in the 300 r group, which was scored at -110, 
whereas the 800 r group had a score of -10, and the 600 r group 
scored a -8. It is also interesting to note the authors1 com­
ment that the end point in endurance in this situation was dif­
ficult to determine, that many rats required artificial respi­
ration after each trial, and that there was a high incidence of 
drowning, so that toward the end of the experiment, few and 
sometimes no animals at all remained in a given group. 
Smith and Smith (1950) X-irradiated mice and measured 
their ability to perform in a forced exercise test (running on ^ 
tracks which made 3 revolutions per minute). Using 325 r they 
found that both irradiated and control mice were able to toler­
ate 12 consecutive hours of this exercise immediately after or 
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up to 16 days after treatment. Mice given 400 r tolerated ex­
ercise 8 hours per day for 3 consecutive days beginning immedi­
ately after or up to 13 days after Irradiation equally as well 
as controls. In a study of the effect of radiation and subse­
quent activity on mortality, a dose of 600 r was followed by 
death in both exercised and non-exercised mice, 20 per cent of 
the former group dying during exercise (8 hours/day on days 0, 
1, and 2 post-irradiation), the remainder at about the same 
times as the controls. The authors concluded that radiation 
did not markedly decrease ability to tolerate exercise, nor did 
exercise markedly increase mortality or decrease survival time 
of irradiated mice. 
Kimeldorf et_ al. (1950), pointing out that other studies 
had shown that conditions tending to increase metabolic rate 
(.e.g.. , cold, or the addition of thyroxin to the animal) also 
tended to increase the lethality of roentgen rays, forced a 
group of male Sprague-Dawley rats of the same age and weight 
to swim to exhaustion once a day (usually from 15 to 30 min­
utes). After 10 days of adaptation to the swimming exercise, 
the rats were given 0, 600, 700, or 860 r, (250 pkv, 15 ma; 
filter 0.5 mm. Cu + 1.0 mm. Al) followed by 60 more days of 
swimming. Among the non-irradiated rats subjected to the ex­
haustive swimming exercise there was 100 per cent survival. 
Rats irradiated but not exercised exhibited 100 per cent sur­
vival at 600 r, with a few deaths occurring at the higher doses. 
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The least survival "was recorded in the group which was irra­
diated and exercised. Furthermore, in the latter group the 
deaths occurred sooner than in the group irradiated but not 
exercised. In order to check the effect of the adaptation on 
mortality, another group of rats was irradiated, half of which 
had undergone an adaptation period, and half of which had not. 
The number and time of death were similar for all these ani­
mals, and therefore it was concluded that the adaptation peri­
od did not affect lethality. 
Kimeldorf and Jones (1951), employing the same exhaustive 
swimming test, studied the lethality effect of X-rays of doses 
ranging from 200 to 1000 r (250 pkv, 15 ma; filter 0.5 mm. Ou 
+1.0 mm. Al) on male Sprague-Dawley rats over a period of 30 
days. At 200 and 300' r, 100 per cent of both exercised and 
non-exercised rats survived. At 400 to 860 r, less of the ex­
ercised rats survived than those not exercised. At 1000 r, 
all the rats died. The investigators stated that the median 
survival time for those that died decreased with increased 
dose and with exercise. (Median lethal dose for non-exercised 
rats in this experiment was 710 r; for exercised rats, 510 r. ) 
Age of the rats was not specified. The authors also determined 
that the water alone, without exercise, was not influencing the 
lethality effect of the radiation. Also, they again checked 
the effect of exhaustive exercise before radiation (adaptation), 
giving a dose of 500 r to 168 rats. Those that were irradiated 
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without having undergone any exercise, showed. 97 per cent sur­
vival after 30 days. Those that underwent adaptation before 
Irradiation, but did not exercise afterward, showed 94 per cent 
survival. There was 77 per cent survival among those rats that 
did not exercise before treatment, but did exercise afterward. 
Among rats which exercised both before and after radiation, 
there was 64 per cent survival. This indicates that although 
exercise prior to radiation may not have any effect on lethality 
alone, it may interact to some degree with the effect of exer­
cise continued after treatment, resulting in increased mortal­
ity rate.. 
In contrast to these results, Udgodskaya and Udin (1957) 
reported that subjecting rats to a single physical stress 
(swimming in water at a temperature of 35-36° for 8 to 10 min­
utes with a 10 gram weight tied to the tail) 15 to 20 minutes 
before irradiation with a lethal dose nearly doubled the aver­
age duration of life for these animals compared to irradiated 
controls which had not undergone the physical stress. 
Kimeldorf et_ al. (1953) then turned from the problem of 
lethality to the question of effect of radiation on the per­
formance of surviving rats in the exhaustive swimming test for 
9 weeks after treatment. They found that all doses given (from 
300 to 1000 r) decreased the amount of time for the rat to be­
come exhausted, the decrease being proportional to dose, al­
though at 300 r it was not significant. Each animal's perform­
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ance after treatment was measured as the per cent of his per­
formance in the second week of a 2-week adaptation period. A 
comparison between each Irradiated group and the non-irradiated 
controls was obtained by taking the difference between the per 
cents obtained for each group. With this method, it was found 
that performance was at a minimum level at the third to fourth 
week, and by the ninth week after irradiation the Irradiated 
groups equalled their own pre-treatment performance, but did 
not equal the performance of the controls. The data from non-
survivors were analyzed separately, and the authors observed 
that those dying soon after irradiation were up to par on per­
formance, whereas those dying later were low in performance 
before death. For the 600 r group, weight measurements were 
taken, expressed in per cent of weigi% on the day of irradia­
tion, and it was concluded that exercise did not alter the 
loss of weight curve after irradiation, since the curve was 
similar for both the exercised rats and a group of rats that 
was irradiated but not exercised. 
In 1954, Jones et_ al. investigated the effect of whole-
body X-radiation on volitional activity, as measured by activ­
ity wheels. They used 194 male Sprague-Dawley rats, 72 days 
old. There were 10 rooms, each soundproofed, ventilated, and 
with controlled lighting and temperature, and each room con­
tained up to 12 activity wheels. Conducting the experiment in 
three parts, each with its own control group, the effect of 8 
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doses oî X-radiation from 200 to 1000 r (250 pkv, 15 ma; filter 
0.5 mm. Ou 4-1.0 mm. Al) was observed for 13 weeks, following a 
2-week adaptation period. Results were expressed in moving 3-
day averages, with the difference between irradiated and con­
trol averages plotted. With this method of presentation, the 
results showed an initial decrease in activity on the first day 
proportional to dose, followed by a rapid recovery at the 200 
and 300 r levels (they practically equalled control activity by 
day 5). At the higher levels, there was a certain degree of 
recovery in the first 10 days after treatment, followed by a 
second decrease in activity, reaching its maximum in the third 
week, this decrease again being much more marked at the higher 
dosages. For doses up to and including 680 r, the surviving 
animals had attained approximately the same level of activity 
as the controls before the end of the experiment (4 weeks for 
400 and 540 r; 8 weeks for 680 r); at higher doses most animals 
eventually died. Again In this experiment it was noted that 
animals that died soon after treatment did not show a decrease 
in activity, but animals which died later markedly decreased 
in activity level before death. — 
Similarly, Fields (1957), Irradiating rats with 180 r or 
360 r, reported that the group receiving 360 r was signifi­
cantly less active in activity wheels than the control group 
on days 1 and 2 following treatment. 
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- In regard to animals other than rats and mice, Leary and 
Ruch (1955) found that monkeys subjected to from 200 r to 400 
r exhibited decreased general activity, the decrease being the 
most striking in the 400 r group. The authors suggested that 
lightly motivated behavior may be more susceptible to stress 
such as radiation than is highly motivated behavior. 
In a study of the effect of bone marrow therapy on voli­
tional activity, Jones et al. (1957b) irradiated 29 male 72-
day-old Sprague-Dawley rats, using a dose of 650 r (250 pkv, 
15 ma; filter 0.5 mm. Ou + 1.0 mm. Al). They then injected 
these rats and 19 control rats with bone marrow obtained from 
other Sprague-Dawley rats. In this experiment the results 
were calculated in terms of days rather than in running aver­
ages, and the difference between the experimental and control 
groups was expressed as a percentage difference rather than an 
absolute difference. The results show that although the Ini­
tial decrease in activity occurred in Irradiated rats treated-
with bone marrow, which was similar to the results obtained 
with 680 r in the previous experiment, the subsequent recovery 
period was characterized by a steady increase in activity, and 
the second decrease which was observed in the previous experi­
ment did not occur. It could be argued that a comparison of 
this sort between experiments is not highly reliable, but the 
authors concluded that the volitional activity decrement during 
27 
the second and third weeks after whole-body irradiation is re­
lated to hematopoietic damage. 
The effect of selected partial body X-irradiation on voli­
tional activity has also been investigated by J ones et al. 
(1957a). After a 14-day adaptation period, male Sprague-Dawley 
rats, 69 days old, were given doses ranging from 200 to 2000 r, 
with either the abdomen shielded or the abdomen exposed. Activ­
ity was measured for 5 weeks post-irradiation, with the data 
expressed for experimental animals as per cent of control activ­
ity. A total of 251 animals was used in the series of experi­
ments , each experiment having its own control group. The con­
clusions were drawn from the results of this group of experi­
ments and from the results of the experiments involving whole-
body X-irradiation by the same authors. From this information, 
it appeared that when doses of no more than 1000 r were used, 
the drop in activity on the first day post-irradiation depended 
more on total dose and amount of tissue exposed than on inclu­
sion of any specific area. With doses between 680 and 1000 r, 
the level of activity on the third day post-irradiation de­
pended upon the specific inclusion of the abdominal area. A  
dose of 1500 r produced the same effect whether given to ab­
domen-, shielded or head-exposed animals. The activity pattern 
of these animals has 3 phases: a sharp decline to 30 per cent 
of control activity on the first day, followed by an immediate 
rise which reached a level well above controls on the 9th day, 
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and finally another steep decline, with the lowest point (less 
than 20 per cent) on approximately the 14th day. During the 
remainder of the experiment these animals gradually rose in ac­
tivity level, but they had not reached the control level by the 
35th day. The peak of activity can be explained on the basis 
of restricted food intake by the irradiated animals, but the 
subsequent decline cannot be entirely explained by an increased 
food intake, since controls for the hunger-satiation factor, 
although exhibiting the same type of peak at the same time as 
the irradiated rats, did not exhibit a decrease below the activ­
ity of ad libitum-fed animals. Thus, the authors concluded 
that damage to the central nervous system may be a major factor 
causing the second decline in activity observed with a dose of 
1500 r to head-exposed or abaomen-shielded animals. 
The gross nature of the volitional activity response sug­
gests the implication of many mechanisms in any alteration of 
this response. The hematopoietic system and the central nerv­
ous system have already been mentioned in this regard. Num­
erous studies have been made dealing with the effects of rad­
iation on some of these possible mechanisms. 
Blondal (1958) irradiated mice ranging from 2 to 4§ 
months in age until each was completely inactivated within an 
activity cage. The period of inactivation lasted from 5 to 30 
minutes. He found that the dose required for complete inacti­
vation decreased as the ages of the mice increased. Since, on 
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the other hand, there is decreased sensitivity with age to 
other radiation effects such as leukopoenia, anemia, or lethal­
ity, the author suggested that the nature of inactivation may 
be different from other manifestations of radiation injury. 
Kohn et_ al. ( 1957) measured some effects of whole-body 
X-radiation (400 to 799 r, 250 pkv) on mature BALB/c and CA F]_ 
mice. Of primary interest was the intermediate period after 
the acute stage (7 weeks) and before the stage of 10,c cumula­
tive mortality had been reached (330 days post-treatment). 
Within this intermediate period, animals were sacrificed and 
examined at intervals. There were significant net losses of 
substance in the thymus and gonads. The testes showed increased 
amounts of arteriosclerosis, and the presence of abnormal mate­
rial in the interstitial cells was observed. Microscopic ev­
idence of neoplasia was noted, as was a failure in males to 
undergo the normal increase in size of the heart, kidneys, and 
submaxillary gland. In general, the normal differences between 
the sexes were reduced, and it was concluded that all these 
changes were a reflection of a change in endocrine balance. 
The effects of X-radiation on the adrenal medulla and the 
hormones adrenaline and nor-adrenaline have been reported by 
Goodall and Long (1959). Adult male rats, rabbit s, and cats 
were given doses between 800 and 1600 r (up to 30,000 r for 
cats), using 250 pkv, 15 ma; half-value-layer of radiation 1.04 
mm. Ou, target-skin distance of 37.5 cm., and a dose rate of 
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139 r/mln. At various intervals adrenal glands were removed 
and assayed for hormone content. Also, slices of the glands 
were treated with labeled precursors to check on hormone bi­
osynthesis. Results Indicated that X-lrradiation does not de­
crease biosynthesis, but there is a temporary decrease in con­
tent of the two hormones in the medulla, beginning within hours 
after treatment and progressively declining from 24 to 96 hours 
before a gradual rise begins, depending on dose and species. 
Only in cats was there no effect, except at a dose of 30,000 r. 
It was inferred that X-irradiation causes the release of large 
quantities of hormone from the adrenal medulla. 
The adrenocortical response of male rats to whole-body X-
radiation was Investigated by Patt et_ al. (1947), using doses 
which were sub-lethal (200 r), half-lethal (650 r) and 100% 
lethal (900 r), at 200 kvp, 15 ma, with 0.5 mm. Ou and 1.0 mm 
Al filters, a distance of 72.5 cm., and a dose rate of 15 r 
per minute. Measurements were taken of adrenal weight and 
content of adrenal cholesterol (precursor to adrenal cortical 
hormone). 200 r produced little change, but considerable re­
sponse to the higher doses was observed. Within a few hours 
after irradiation, there was a marked increase in adrenal 
weight and a decrease in adrenal cholesterol content which con­
tinued for 2 days, after which there was an excessive amount of 
adrenal cholesterol present. The initial phenomenon occurs in 
many stress situations and is associated with increased adrenal 
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activity. The authors commented, that an increase in adrenal 
activity may account for some of the early symptoms in radia­
tion sickness, such as the changes which occur in the blood and 
lymphoid tissue, since the same changes occur in the absence of 
radiation if adrenal cortical extract or pituitary adrenotroph-
ic hormone is injected. This could be substantiated if it were 
found that adrenalectomy would prevent these symptoms after X-
irradiation. 
The subsequent increase in adrenal cholesterol content is 
associated with adrenal exhaustion due to over stimulation, and 
might have an effect similar to adrenalectomy. 
Interest in the effect of radiation on the adrenal gland 
in this discussion is dependent upon the possible effects of 
the latter on activity. Ramey et al. (1950) investigated the 
Influence of adrenalectomy on muscular fatigue in rats. Adren­
alect omized animals forced to swim showed fatigue and sank 
within 30 minutes, whereas control rats could swim for hours. 
However, in vitro studies of muscle strips from various loca­
tions indicated no difference in fatigability between normal 
and adrenalectomized animals, whether the stimulation was ap­
plied directly to the muscle or Indirectly to the nerve. Since 
it had already been established that with an optimum diet and 
salt supply adrenalectomized animals have normal amounts of 
electrolytes and carbohydrates in the blood, liver, and muscles, 
circulatory involvement is Implied in the effect of adrenalec-
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tomy on muscle fatigue in vivo; i._e. , there appears to be a 
failure of neuro-circulâtory adjustment to the more rapid, blood 
flow needed in vivo in muscular exercise. 
To determine the effect of X-radiation muscle fatigue and 
the part played in this response by the adrenal cortical hor­
mones, Haley _et al. ( 1958) administered 600 r acute whole-body 
radiation (250 pkv, 15 ma, 0.21 mm Gu inherent, 0.5 mm Gu para­
bolic, and 1.0 mm Al filters, FOB 100 cm, 9.18-10.25 r per min­
ute) to rats from the Wistar and Long-Evans strains. At vary­
ing periods after irradiation, groups of animals were anesthe­
tized and connected to an Ingle muscle fatigue apparatus. Ir­
radiated. rats exhibited loss of muscle responsiveness, increased 
fatigability and decreased work output, beginning on day 1 and 
lasting until day 10. The decrease was not significant until 
day 4, and the low point occurred between the 7th and 9th days. 
Administration of adrenal cortical extract had no effect on 
either control or irradiated Wistar rats, but increased the 
work output of both groups in the Long-Evans strain. Adren­
alectomy failed to alter the differences between control and 
irradiated animals observed with irradiation alone. The au­
thors suggested that the decreased muscle responsiveness and 
increased fatigability in Irradiated animals is related to a 
lack of glycogenolysis, poor intestinal absorption of glucose 
and circulatory collapse. All of these effects are known to 
occur in irradiated organisms (Glaus, 1958). 
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Skeletal muscle Itself is relatively radioresistant. De­
structive changes in the musculature after administration of 
lethal doses of penetrating radiation have been observed by 
Zairat1Yants (1955) in dogs, rabbits, and rats. The central 
nervous system is also considered relatively radioresistant 
(Glaus, 1958). When the head alone is irradiated, doses in 
the range of the LD 5 0/50 are necessary to produce gross ef­
fects. In this range, the effects observed in mice by Mason 
et al. (1955) appeared to be due to loss of nervous regulation 
of the circulatory system, which in turn caused the lethal 
damage. Other histological changes in brain tissue were ob­
served by Bogumill (1957) in cats and monkeys following mas­
sive doses of head irradiation. A dose as 1ow as 400 r total-
body X-irradiation has produced changes in the electrical ac­
tivity of the brain in cats (G-angloff and Haley, 1959). These 
changes were primarily temporary. 
Function, as well as structure, can be altered by high 
doses of ionizing radiation. G-erstner and Kent (1957) studied 
the immediate effects of 4200 to 9000 r head-irradiation in 
rabbits. A progressive apathy, fully developed 6 hours after 
irradiation, was associated with a reduction in brain water 
content. Epileptiform seizures also occurred, and these were 
associated with cell damage to the vestibulocerebellar system, 
causing uncontrolled impulses. Although the histological 
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damage to the brain was permanent, a readjustment to normal ac­
tivity eventually occurred. 
The high doses necessary to detect gross changes in brain 
structure do not appear to be necessary to detect functional 
changes. Lebedinsky (1955) has reviewed the Russian contribu­
tions in this area, the most striking of which is the signifi­
cant prolongation of time necessary to evoke the leg flexor 
reflex in rabbits after a dose of 0.1 r. Minaev (1954) ob­
served changes in conditioned reflex responses in rats, cats, 
dogs, and rabbits after doses of from 100 to 500 r to the head. 
Caster et_ al. ( 1958) have suggested that the brain may contain 
a small population of highly radiosensitive cells, which would 
be sufficient to cause temporary functional changes but would 
not be apparent in gross anatomical observation. 
Attempts to genetically alter radiosensitivity have been 
primarily concerned with survival ability. Luchnik (1957) 
measured the survival times of 60-day-old male mice from inbred 
strains C-57 and CC-57 and their hybrids, following a whole-
body dose of 600 r Co®^ gamma rays at a dose rate of 10 r per 
minute. He found a difference in sensitivity between the two 
inbred strains, and the hybrids were significantly more resist­
ant than either inbred parent. The author concluded that het­
erosis, among other characteristics, influences the behavior 
of animals in respect to radiation. Rugh and Wolff (1958) 
crossed a resistant line (057) with a sensitive line (CF%) and 
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also found that the hybrid had a survival value higher than 
that of either parent. G-rahn (1958) estimated the LD^Q values 
for BALB/c and C57BL/6 inbred mice, their reciprocal prog­
enies, and offspring from the Fg and Fg generations. Again, 
the Fi was more resistant than either inbred parent. There 
was no difference between the reciprocal F]_ progenies. Re­
sponse of Fg mice was intermediate between those of the two 
inbred lines, but very nearly like the more resistant strain 
(057). Mice from the Fg generation were slightly more sus­
ceptible than the Fg. On the basis of these results, G-rahn 
concluded that radioresi stance appears to be dominant to ra-
diosensitivity, although there is an additional interaction 
component, probably heterosis, operating also. 
Epilogue 
The preceding literature was chosen to be reviewed with 
the intention of illustrating precisely what has been meas­
ured in the experiments to be reported on the following pages, 
and how other variables may effect this type of investigation. 
The effects of radiation on activity and on some of the other 
factors which in turn may influence activity have also been 
discussed, as well as the influence of hybridity on radiation 
response. However, the current status of research falls short 
of a complete answer to the problems of mechanism, recovery, 
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and genetic influence on volitional activity response to radi 
ation outlined in the introduction. 
37 
MATERIALS AND METHODS 
Materials 
Animals 
Adult male mice, 2 to 3 months old at the beginning of an 
experiment, were used (except in Experiments 10, involving fe­
males, and 13, involving older males). Within a given experi­
ment , the range in ages was in most cases less than 2 weeks, 
and was comparable between strains or crosses. All mice were 
raised in a uniform laboratory environment. Inbred mice were 
from strain S and strain BALB/Gw (henceforth referred to as 
Ba). These strains have been found to be least susceptible 
and most susceptible to X-radiation, respectively, In regard 
to factors such as lethality (Stadler and Gowen, 1957) and 
body weight changes (Grahn, 1954) among the ten inbred strains 
in the laboratory. The median lethal dose whole-body-X-irra­
diation (250 pkv, 30 ma, 0.25 Ou 1.0 Al filter) for 15 days 
was estimated by Stadler and Gowen (1957) for 46-day-old mice 
as 537 r for strain S and 438 r for strain Ba. 
Equipment 
Forty-eight Individual activity units were available for 
most of the experiments. Each unit consisted of a metal box 
divided into two connecting compartments, one containing an 
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activity wheel (made of 1/8 inch wire mesh, 6.8 inches in diam­
eter and 3.5 inches wide) and the other (7.5 inches long, 3.5 
inches wide, and 6.5 inches high) providing space for eating, 
drinking, and sleeping. The 1/4 inch wire mesh floor permitted 
debris to fall into a tray below, which could be removed for 
cleaning. Food and water were provided ad libitum. Each box 
was fitted with a removable lid of 3/8 inch wire mesh. A non-
reset stroke counter recorded, revolutions of the wheel In 
either direction. (Figure 1). 2964 revolutions of the wheel 
equal a distance of one mile. 
Environment 
The units were situated on tables in a quiet, well-lighted 
air-conditioned room where natural illumination could be util­
ized. The average temperature over all experiments was 76° F. 
Within an experiment, the temperature varied within a range of 
12° or less from high to low. 
General Procedure 
A series of 13 experiments was completed in an attempt to 
answer the questions formulated in the introduction. The pro­
cedure for measuring activity was similar in all experiments. 
One mouse was placed in each activity unit at random, where he 
remained for 24 hours. At the end of that period his activity 
was recorded in number of revolutions turned in the wheel. He 
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was then transferred to another unit for the succeeding 24-
hour period. Recordings of revolutions turned by each mouse 
and random assignments to units took place every 24 hours for 
10 days prior to application of the treatment. This adapta­
tion period allowed each animal time to adjust to the situa­
tion, and supplied a basis on which the mice could be grouped 
according to level of activity. The number of mice in a group 
corresponded to the number of treatments; within each such 
group, one individual was randomly assigned to each treatment. 
Although weights and familial relationships were re­
corded, no attempt was made to equate these factors within 
groups, since previous work with these animals, as well as the 
work of other investigators (Shirley, 1928a; Rundquist, 1933; 
Billingslea, 1940), has indicated that neither weight nor the 
presence of litter mates are correlated with activity levels. 
Treatment was not applied to all groups on the same day, 
but was carried out over a period of 2 or 3 successive days in 
order to avoid confounding treatment effects due to length of 
time after treatment with any effects which might result from 
environmental influences on a particular day. Groups of mice 
irradiated on the second or third day remained in the activity 
units in the interim. 
For irradiation, mice were placed in individual perforated 
plastic tubes with cork stoppers. Two rows, consisting of four 
tubes each, were irradiated simultaneously. Shielding, where 
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necessary, was- done with l/8-inch-thick strips of lead placed 
across the rows. 320 r X-radiation was delivered at a rate of 
164 r per minute, using a General Electric Maxltron, 250 pkv, 
30 ma, with a .25 mm. Gu and 1.0 mm. Al filter. Distance from 
center of target to mid-mouse was 49 cm. The range in radia­
tion over the entire field was not more than 10 r per minute. 
Control mice were also placed in the plastic tubes, but were 
not irradiated. 
Immediately after treatment, the animals were replaced in 
the activity units. Activity was recorded every 24 hours for 
the succeeding 24 days, with random assignment of mice to units 
for each 24-hour period. If a mouse happened to be assigned 
to the same unit on 2 successive days, he was removed from and 
replaced In the unit, so that handling effects would be the 
same for him as for the mice which were actually transferred 
to a different unit. 
The activity wheels and counters were checked daily to 
ascertain that they were operating properly. Two extra activ­
ity units were kept in reserve in event of any necessity of 
repairs. 
Specific Procedure 
Mechanism of the effect 
A method of attacking the problem of the generality or 
specificity of the activity response to X-radiation is to 
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divide the body into equal thirds, irradiating one third or 
combinations of thirds. This results in the exposure of ap­
proximately equal quantities of cells but of different organ 
systems. The head third included the head and part of the 
thorax. The mid third encompassed the lower thorax, stomach, 
upper intestinal tract, liver, spleen, adrenals, and kidneys. 
The rear third included the lower intestinal tract, bladder, 
urinary system and testes. 
The first seven experiments involved partial-body irra­
diation. A brief description is given of each, indicating 
primarily where they may differ from the general outline of 
procedure already described. 
Experiment 1. 16 mice from strain Ba were divided into 
8 pairs, one member of each pair receiving 320 r to the head 
third, the other member serving as a control. Since at this 
time only 24 wheels, and in some instances fewer mice, were 
available, only one body third could be tested in an experi­
ment. Because other work had indicated that the head region 
is less likely to show a radiation effect, (Glaus, 1958; 
Stadler and Gowen, 1957) the decisions to concentrate on this 
area first and to assign a larger number of animals to this 
group than to the other thirds were made. Post-treatment 
measurements were taken for a period of 12 days in the manner 
already described. 
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Experiment 2. The experiment was initiated with 12 mice 
from strain Ba and 12 mice from strain S. Within each strain, 
mice were paired, and within each pair, the animals were ran­
domly assigned to either control or head irradiation groups. 
Post-treatment measurements were taken for 24 days in this and 
all succeeding experiments in this series. 
Experiment 3. 10 Ba mice and 8 S mice were paired, as 
before. Treatment groups consisted of control and head-exposed 
mice. 
Experiment 4. 24 Ba mice and an equal number of S mice 
were partitioned into 6 groups of 4 individuals within each 
strain. Exposures used were : none (control), head, mid, and 
whole-body. 
Experiment 5. This experiment was a replicate of Experi­
ment 4. 
Experiment 6. There were 5 exposure groups: none, head, 
mid, rear, and whole-body. Within each strain, there were 4 
groupings based on activity levels, with 6 animals in a group— 
one randomly assigned to every treatment except the rear third 
exposure group, to which 2 animals from every activity level 
group were assigned. 
Experiment 7. This experiment involved only the Ba strain. 
All possible thirds and combinations of thirds were involved, 
making a total of 8 treatment groups. Therefore, 48 mice were 
divided into 6 groups on the basis of activity levels. 
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Duration of whole-body radiation effect 
In previous experiments (Huff, 1958) the decline in ac­
tivity exhibited by irradiated mice appeared to be a temporary 
effect. During the final stages of the 24-day test period, 
(36 days in the first experiment) activity levels of irradiated 
mice were often quite similar to, and in some cases even higher 
than, those of the controls with which they were paired. In 
fact, it was this apparent equality in activity after the 20th 
day that formed the basis for the decision to discontinue test­
ing mice after the 24th day. Experiments conducted subsequent 
to these have provided no evidence which would justify a re­
consideration of the length of the arbitrary test period. 
Experiment 13. In order to obtain further data regarding 
this point, surviving pairs of mice used In the previous ex­
periments referred to in the preceding paragraph were retested 
in the activity wheels for a 12-day period between the ages of 
8 and 12 months, the animals having been kept in individual 
cages in the interim. Within each strain, the number of pairs 
was reduced by one because of death of one of the members of a 
pair. Four different time periods were required to test all 
the mice. Procedures for handling the mice and recording the 
data were the same as previously described. 
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Influence of genetic backgrounds on response to whole-body 
Irradlatlon 
The preliminary research indicated differences in response 
to treatment which might be due to the difference in genetic 
background of the two strains used, although there was some 
overlap in responses between the two strains. In order to ob­
tain further information regarding the way in which the genet­
ic background influences the response to treatment, reciprocal 
crosses between the S and Ba strains were made. By "recipro­
cal" is meant that each strain is used as both male and female 
parent, so that some hybrid (F^) offspring have a Ba female 
parent and an S male parent, whereas for others the parentage 
is reversed. Genetically, female hybrids from either cross 
are identical, but in males there is a difference in sex chro­
mosome constitution, since the X chromosome is contributed by 
the female parent and the Y chromosome by the male parent. In 
references to the hybrid, "3 x Ba11 indicates that the male 
parent was from the S strain; i_.e., the male parent is always 
designated first. 
Experiments 8 and 9 are identical in design; only environ­
mental variations due to the time element are different. Each 
experiment involved 48 mice, an equal number from each inbred 
strain and each reciprocal F]_. Within each genetic group, an­
imals were paired according to activity level and randomly as­
signed to either the control group or to 320 r whole-body X-
irradiation. The experiments were conducted in the same man­
ner as the first 7 experiments. 
Observations on genetic control of activity levels 
Indications of differences in control activity levels be­
tween the reciprocal hybrids and the possible genetic implica­
tions were considered of sufficient interest to merit further 
investigation. Therefore, 5 experiments were performed to fol­
low up this point. 
Experiment 10 was the only experiment reported herein in­
volving female mice. The activity levels of 8 animals from 
each of the two inbred strains and 16 animals from each of the 
two reciprocal hybrids were recorded for a 12-day period fol­
lowing a 10-day adaptation period. Measurements of activity 
levels were made in the same manner as in all other experi­
ments, except that since no treatment was applied, pairing or 
grouping within a genetic type was unnecessary. The mice used 
were slightly older than the male mice in order to allow the 
comparatively light females to gain sufficient weight to be 
able to adequately perform in the activity wheels, which had 
been designed for males. The age range for females was from 
90 to 108 days at the onset of the adaptation period. 
Experiments 11 and 12 involved male mice from the two in­
bred strains, their reciprocal progenies, and the following 
four backcrosses of the two F-j_ types to the two inbred types: 
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S x Ba x Ba; S x Ba F^ x S; Ba x S F^ x Ba; and. Ba x S F-^ x 
S. In all cases, the hybrids were used as the male parents, 
since it would not be possible to predict the sex chromosome 
complement of the backcross progenies otherwise. In each ex­
periment, there were 6 mice in each of the 8 genetic groups. 
Again, no treatment was applied. Measurements were taken for 
a period of 12 days following the IC-day adaptation period. 
In the last 3 experiments described, all animals used in 
matings are different from those used to obtain mice for Ex­
periment 8 and 9, in order to eliminate as much as possible 
any activity differences which might be caused by chance dif­
ferences in the particular mice comprising the original set of 
matings. 
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EXPERIMENTAL RESULTS 
Mechanism of the Effect 
As a first approach, the data are presented graphically. 
Figures 2 and 3 show activity for all surviving 3a and S mice 
following exposures of head, mid, and rear thirds or whole-
body to 320 r X-radiation. The data are expressed in per cent, 
using the activity of control mice as the basis for comparison; 
i_. e., setting the latter at 100 per cent. Activity levels of 
animals which did not survive the entire test period are not 
included. For each mouse in any treatment group there is a 
mouse in the control group which corresponds to it in basic 
activity level prior to treatment. The points plotted include 
data from Experiments 1 through 9. 
Whole-body irradiation has the greatest effect in both Ba 
and S strains. For Ba mice, the lowest point occurs on day 5, 
when the activity of irradiated mice is only 63 per cent of 
that of controls. For S.mice, the low point is 69 per cent on 
the third day after treatment. The whole-body-irradiated an­
imals of both strains become somewhat more active following 
their low points, mice of the S strain more nearly approaching 
the level of their controls. By day 17, S mice have reached 
the control level, and 2 days later (day 19) the activity of 
irradiated Ba mice is similar to that of their controls. In 
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both strains, this mean equality of control and whole-body-
irradiated mice occurs two weeks after the lowest mean activ­
ity level of the irradiated mice. 
Irradiation of the head third appears to have little or 
no effect in either strain. Although the mean activity level 
for head-irradiated Ba mice is slightly lower than that of 
their controls, daily activity fluctuates between lower and 
higher levels. The lowest point is 80 per cent of control 
activity, again reached on day 5. Among S mice, the lowest 
mean activity rate for head-exposed mice is 76 per cent, oc­
curring on day 14, but this level is not maintained, and for 
the most part, the irradiated group is equal to or slightly 
better than the controls. 
Exposure of the mid third in the Ba strain results in a 
pattern of activity very similar to that of whole-body-irra­
diated mice for the first 5 days after treatment. The low 
point for mid-exposed mice is also on day 5, at which time 
their activity is 68 per cent of that of their controls. How­
ever, in contrast to whole-body-exposed animals, when only the 
mid third is exposed the attainment of the control level of 
activity occurs immediately after the low point on day 5, and 
thereafter is noticeably greater than control activity. 
In the S strain, irradiation of the mid third produces a 
pattern very similar to that resulting from head exposure, and 
not dissimilar to control activity. 
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Exposure of the rear third of the body causes the great­
est reduction in activity level among Ba mice on the eighth 
day, when it is 70 per cent of control activity. After day 10 
there is no obvious difference between irradiated and control 
animals. On day 5, when the low point occurs for the other 
treatments, rear-exposed mice record 75 per cent of control 
activity. The ranking from least effect to most effect of 
radiation among Ba mice would appear to be the following: head, 
rear, mid, and whole-body'exposure. 
The low point in activity level for rear-exposed S mice 
occurs on the first day post-irradiation, when activity is 72 
per cent of control activity. This Is very nearly as low as 
the level on day 3 for whole-body exposure (69 per cent) but 
the rear-exposed mice resume the control activity level by 
the fourth day, and during the third week after treatment ex--" 
hibit a response greater than that of controls, as do the mid-
exposed Ba mice mentioned previously. In general then, the 
ranking of S mice from least effect to most effect appears to 
be: head and mid (very similar), rear, and whole-body exposure. 
In work reported previously (Huff, 1958), the initial de­
cline in activity of whole-body-irradiated animals extended 
over the first eight days after treatment for Ba mice, and was 
somewhat shorter in length of time for S mice. The lowest 
point in activity, averaged over all four experiments analyzed 
at that time, occurred on day 5 for Ba mice and on day 1 for S 
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mice (in comparison with day 5 and day 3, respectively, for 
all subsequent work on whole-body-irradiated mice). Although 
this low point is not always the same for all mice or for all 
experiments, and similarly, although the first and eighth days 
do not represent the boundaries of the decrease in activity 
for all mice, it seemed likely, on the basis of this earlier 
work, that if an effect from 320 r X-radiation were to be 
shown at all by an animal from either the Ba or S strains, it 
should appear 'during all or part of the first 8-day period 
after treatment, and that, therefore, the mean daily activity 
calculated from the first eight days total activity for each 
mouse should be lower for irradiated animals than for controls. 
A comparison of this type would seem to be a desirable method 
of presenting the data, since a quick glance affords the reader 
a clear indication of the effects of each treatment. This ap­
proach to analysis was not made on the earlier work because 
the pattern of the radiation effect was unknown at the begin­
ning. However, on the basis of this work, it was decided to 
make such an analysis on all subsequent data involving the Ba 
and S strains. Since this decision was made before the work 
reported herein had been done, the comparison is Justifiable. 
Means for each treatment group in each experiment involv­
ing irradiation of Ba and S mice, taken from activity levels 
on day 1 through 8 post-treatment, are given in Table 1. Only 
Table 1. Mean activity In revolutions per 24 hours, day 1-8 poet-treatment for sur­
viving pairs or blocks of mice (2964 revolutions equal 1 mile) 
Exposure (320 r) 
Exp. Head- Head- Mid- Whole No. mice 
no. Strain None Head Mid Rear mid rear rear body per group 
1 Ba 16985 13923 8 
2 ii 12028 10548 4 
3 h 14514 11896 5 
4 ii 11651 13194 10513 9048 5 
5 ii 15314 14356 11167 12178 5 
6 ii 14462 13838 11868 12044 8527 4a 
7 n 10099 8790 9906 8601 9324 8444 9835° 8975° 6 
8 ii 14180 9859 5 
9 ii 14394 13219 5 
2 S 20772 21908 5 
3 ii 17611 15958 3 
4 ii 15337 14230 15900 14793 4 
5 ii 17681 19463 17908 14260 5 
6 ii 15902 16370 15250 15409 10518 4a 
8 n 14696 11170 6 
9 ii 19868 16622 6 
a8 in "rear" group. 
^Based on 5 survivors. 
cBased on 4 survivors. 
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those pairs or blocks of mice in which all members survived 
the entire experiment are included in the means. (The only-
exception to this is Experiment 7, in which there were so 
many treatment groups that to eliminate all nice from activity 
blocks in which one member did not survive would result in 
elimination of one half the data.) These numbers are given 
in Table 1. 
Briefly, Table 1 shows that in the Ba strain, head ex­
posure usually, but not always, results in a lowering of the 
mean of exposed mice in a particular experiment. Mid exposure 
causes a mean reduction in every experiment, and this reduc­
tion is greater than that for the corresponding groups of head-
exposed mice. Rear Exposure also results in decreased activ­
ity in both cases, the magnitude of the decrease being similar 
to that of mid-exposed groups. Whole-body exposure produces, 
in most experiments, the least active of all treatment groups. 
In the S strain, only whole-body exposure shows any in­
dication of being lower than control activity on the average 
over the first eight days. 
It should be remembered that the comments made up to now 
have involved means of groups of Individuals, and that al­
though means of this sort do show the average effectiveness 
of each treatment, they provide no Information to indicate 
the repeatability of the response among individuals. A large 
mean effect could result from responses that are highly vari­
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able from one individual to another, and therefore of low pre­
dictability. A statistical analysis of means for each animal 
is a convenient method of summarizing the sources and amount 
of variation of individuals. Analyses of variance were calcu­
lated for each separate experiment as it was completed. Be­
fore these analyses were made, the observations .were trans­
formed to logarithms, since there was evidence that means and 
standard deviations of the raw data were correlated. Both 
strains and treatments are fixed variables, and the mean square 
used as the error term was selected accordingly. All F values 
which were equal to or less than a probability of .05 were con­
sidered significant and are marked by an asterisk; however, 
values up to those having a probability of chance occurrence 
of .25 are Indicated, since they are considered to be of some 
interest in this type of experimentation, in which considerable 
variation is always present. Sources consulted for statistical 
methods used are Snedecor (1956), Ostle (1954), Cochran and 
Cox (1950). 
Table 2 presents the analysis of variance of Experiment 1, 
which involved head-irradiated Ba mice and their paired con­
trols, and was a pilot experiment intended to indicate whether 
or not more time should be spent on effects of head exposure. 
The difference between treated and control mice falls short of 
significance at the .05 level of probability for 1 and 7 de­
grees of freedom indicating that the mean difference of about 
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Table 2. Analysis of variance of 8-day mean activity levels 
in Experiment 1 
Sources of Degrees of Sums of Mean 
variation freedom squares squares F P 
Treatments 1 0.  0355 0.0355 2.55 6.25 
Pairs 7 0.  0430 0.0061 
Error 7 0.  0977 0.0140 
Total 15 0.  1762 
3000 revolutions per day per mouse Is frequently not indicative 
of the difference in activity between the two individuals of 
any given pair. However, the F value, 2.55, is large enough to 
indicate that the effect of head exposure should be checked 
more carefully before a final decision is made. 
Therefore, Experiment 2, involving the same treatment ap­
plied to S mice as well as Ba mice, was performed and analyzed. 
Table 3 shows the analysis of variance for this experiment. No 
effect of head-irradiation is evident in this case, nor is 
there any statistically significant difference in responses of 
the two strains, although the group means show that head-exposed 
Ba mice average approximately -1500 revolutions less per day 
than their controls, whereas head-irradiated S mice average 
about 1100 revolutions more per day than their controls. 
A difference in activity levels between the two strains is 
highly significant. Mean daily activity level for non-irradl-
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Table 3. Analysis of variance of 8-day mean activity levels 
in Experiment 2 
Sources of Degrees of Sums of Mean 
variation freedom squares squares F P 
Strains 1 0.5775 0.5775 14.78 * 
Pairs/strains 7 0.1787 0.0255 
Treatments 1 0.0019 0.0019 
Trts x strains 1 0.0151 0.0151 1.15 
Trts x Pairs/str 7 0.0941 0.0134 
Total 17 0.6673 
*Significant at or beyond the .05 level of probability. 
ated S mice was close to 21000 revolutions per mouse, compared 
to 12000 revolutions per mouse for Ba controls. 
Experiment 3, involving head-exposed Ba and S mice again, 
produced the results given in Table 4. As in Experiment 1, 
there is a slight indication of a treatment effect in both 
strains. Interaction of strain and treatment is not signifi­
cant, since in both strains the irradiated animals exhibited 
lower activity levels than controls. The magnitude of the de­
crease is greater for Ba mice than for 3 mice (approximately 
2600 and 1600 revolutions per day per mouse less than controls, 
respectively. 
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Table 4. Analysis of variance 
in Experiment 3 
of 8-day mean activity levels 
Sources of 
variation 
Degrees of 
freedom 
Sums of 
squares 
Mean 
squares F P 
Strains 1 0.0427 0.0427 4.63 <.10 
Pairs/st rains 6 0.0554 0.0092 
Treatments 1 0. 0212 0.0212 2.80 4.25 
Trts x strains 1 0.0026 0.0026 — — 
Trts x pairs/str 6 0.0455 0.0076 
Total 15 0.1674 
In Experiment 3 there is again a good indication that 
strain differences in activity levels exist. As in Experiment 
2, the S strain exceeds the Ba strain in amount of activity. 
(17611 revolutions per day per mouse and 14512 revolutions per 
day per mouse, respectively.) 
Since none of the first 3 experiments shows more than a 
slight possibility of a statistically significant treatment 
effect due to exposure of the head third only, it seems un­
likely that more experiments of the same design would be in­
formative. The direction of the difference in activity levels 
between irradiated and control Ba mice is the same in all 3 
experiments however; therefore, failure to obtain statistical 
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significance may be only a reflection of the small numbers of 
animals involved in each experiment. This possibility will be 
considered later. 
Experiment 4 contains four exposure groups: none, head, 
mid, and whole-body. In the analysis of variance (Table 5) the 
treatments as a group show no effect in either strain. However, 
when more than one treatment is applied, the 11 treatment11 sum of 
squares with three degrees of freedom is not always sufficient­
ly informative. It is possible to subdivide this sum of squares 
into separate components for each degree of freedom. The meth­
od of orthogonal comparisons is used for this subdivision. 
Since the experiment is designed as randomized blocks, the er­
ror sum of squares can be subdivided as well as the treatment 
and Interaction sums of squares. This provides a separate es­
timate of error for every comparison. It is possible to devise 
several different sets of comparisons which would be orthogonal. 
Any of these would be statistically correct, as long as the 
particular set used is chosen before the results are obtained. 
If nothing were known about any of the treatments, the first 
comparison which would seem most appropriate would be controls 
versus all irradiated groups. However, since there is little 
indication that head-exposed mice are significantly different 
from control mice, the first comparison made is control and 
head-exposed mice versus mid- and whole-body exposed mice. If 
it should develop that a head effect does exist, then the 
Table 5. Analysis of variance of 8-day mean activity levels in Experiment 4 
Sources of 
variation 
Degrees of 
freedom 
Sums of 
squares 
Mean 
squares F P 
Strains 1 0. 1576 0. 1576 24.87 * 
Blocks/strains 7 0. 0443 0. 0063 
Treatments 
0+H vs. MfW 
0 vs. H 
M vs. W 
3 
1 
1 
1 
0. 0398 
0.0225 
0.0017 
0.0156 
0. 0133 
0.0225 
0.0017 
0.0156 
1.05 
1.32 
Strains x trts 
0+H vs. M+W 
0 vs. H 
M vs. W 
3 
1 
1 
1 
0. 0525 
0.0445 
0.0070 
0.0010 
0. 0175 
0.0445 
0.0070 
0.0010 
1.03 
2.07 4.25 
Error (Trts x blk/str) 
0+H vs. M+W 
0 vs., H 
M vs. W 
21 
7 
7 
7 
0. 3557 
0.1501 
0.1232 
0.0824 
0. 0169 
0.0214 
0.0176 
0.0118 
Total 35 0. 6499 
"Significant at or beyond the .05 level of probability. 
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second comparison, control versus head-exposed mice, would in­
dicate this. The third comparison is mid-exposed versus whole-
body- exposed mice. 
In Experiment 4, the only difference which is indicated at 
all is a difference in reaction of the two strains when control 
and head-exposed mice are compared with mid- and whole-body-
exposed mice. In neither strain is there a difference between 
control and head-exposed mice, or between mid-exposed mice in 
comparison with whole-body exposed mice. These results are 
what one would expect after referring to the group means for 
this experiment given in Table 1. 
The possibility of an interaction between strains and the 
treatment comparison control and head-exposed mice versus mid-
and whole-body exposed mice seems reasonable because both con­
trol and head-exposed Ba mice have higher mean activity levels 
than either mid- or whole-body-exposed Ba mice, whereas this 
is not true for S mice. 
Note the highly significant strain difference in activity 
level in this experiment also. As before, S mice are more ac­
tive than Ba mice. 
Table 6 shows results of the analysis of variance in Ex­
periment 5, which is identical in design to Experiment 4, and 
is analyzed in the same manner. Using mean squares with three 
degrees of freedom, a possibility of a treatment effect exists, 
but there appears to be no interaction between strain and 
Table 6. Analysis of variance of 8-day mean activity levels in Experiment 5 
Sources of 
variation 
Degrees of 
freedom 
Sums of 
squares 
Mean 
squares F P 
Strains 1 0.1619 0. 1619 8.81 * 
Blocks/strains 8 0.1470 0. 0184 
Treatments 
0+H vs. M+W 
0 vs. H 
M vs. W 
3 
1 
1 
1 
0.0727 
0.0700 
0.0000 
0.0027 
0. 0242 
0.0700 
0.0000 
0.0027 
2.16 
5.49 
6.25 
* 
Strains x trts 
0+H vs. M>W 
0 vs. H 
M vs). W 
3 
1 
1 
1 
0.0400 
0.0033 
0.0052 
0.0315 
0. 0133 
0.0033 
0.0052 
0.0315 
1.19 
2.15 <.25 
Error (Trts x blk/str) 
OfH vs. M+W 
0 vs. H 
M vs. W 
24 
8 
8 
8 
0.2685 
0.1019 
0.0496 
0.1170 
0. 0112 
0.0127 
0.0062 
0.0146 
Total 39 0.6901 
"Significant at or beyond the .05 level of probability. 
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treatment. Subdivision of the degrees of freedom reveals that 
most of the sum of squares for treatments is due to the com­
parison of control and head-irradiated mice with mid- and whole-
body- exposed mice, which is significant beyond the .05 level of 
probability. This treatment comparison is the same for both 
strains, as evidenced by the failure to obtain a significant 
interaction for this comparison. However, the indication of a 
possible difference in strain response for the comparison be­
tween mid-and whole-body-exposed mice should be noted. The 
group means in Table 1 show that for 3a mice the responses of 
the mid- and whole-body-exposed mice are similar, but among S 
mice the whole-body-irradiated group is much less active than 
the mid-exposed ^roup, the latter actually appearing equal in 
activity to the control group. 
To re-state and summarize this analysis then, head-exposed 
mice do not significantly differ from their controls in either 
strain, and when the control mice and head-exposed mice are 
considered together, they are significantly more active than 
the total of the other two exposure groups in both the Ba and 
S strains. However, when the mid-exposed group is compared to 
whole-body-exposed mice, the two groups respond similarly in 
the Ba strain, but not in the S strain, the mid-exposed group 
in the latter strain being higher in activity level than whole-
body- exposed mice. In other words, in the Ba strain, controls 
are equal to head-exposed mice, both are more active than mid-
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exposed mice, the latter equalling whole-body-exposed mice ; 
and in the S strain, controls are equal to head-exposed mice 
and mid-exposed mice, all of which are more active than whole-
body-exposed mice. These results and those of the preceding 
experiment are compatible except that in Experiment 4 the re­
sponse of whole-body-exposed S mice to radiation was less than 
the average response of that group, causing a failure to ob­
tain a significant difference due to that treatment. 
A significant strain difference in activity levels is 
again apparent, and mice of the S strain are the more active 
of the two strains. 
Experiment 6 contains all the treatments used in Experi­
ments 4 and 5, plus one additional treatment—exposure of the 
rear third of the body. The analysis of variance is presented 
in Table 7. The main effect of treatments with four degrees 
of freedom is significant, but the strain-treatment interaction 
shows no significance. Orthogonal comparisons made are similar 
to previous analyses—control and head-exposed mice versus all 
other groups ; control versus head-exposed mice; mid- and rear-
exposed mice versus whole-body-exposed mice; and finally, mid-
exposed versus rear-exposed mice. These comparisons should 
make it possible to place the effect of rear irradiation in 
respect to all other treatments, the effects of which have 
already been evaluated. 
Table 7. Analysis of variance of 8-day mean activity levels in Experiment 6 
Sources of Degrees of Sums of Mean 
variation freedom squares squares F P 
Strains 1 0. 1216 0.1216 2.17 4.25 
Blocks/strains 6 0. 3364 0.0561 
Treatment s 4 0. 2344 0.0586 4. 55 * 
0*H vs. M+R+W 1 0. 0909 0.0909 42.92 * 
0 vs. H 1 0. 0000 0.0000 — — — 
M+R vs. V/ 1 0. 1421 0.1421 7.14 * 
M vs. P. 1 0. 0014 0.0014 
Treatments x strains 4 0. 0174 0.0043 
0*# vs. M+R+W 1 0. 0104 0.0104 4.92 4.10 
0 vs. H 1 0. 0026 0.0026 — —• — 
M*R vs. W 1 0. 0029 0.0029 — — — 
M vs. R 1 0. 0014 0.0014 
Tr/blks/st: ps 8 0. 0851 0.0106 
Error (Trti s x blk/str) 24 0. 3090 0.0129 
0+H vs. M+R+W 6 0. 0127 0.0021 
0 vs. H 6 0. 0650 0.0108 
M+R vs. W 6 0. 1195 0.0199 
M vs. R 6 0. 1118 0.0186 
Total 47 1. 1039 
"Significant at or beyond the .05 level of probability. 
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Results of the first comparison show that the difference 
between the total of control and head-irradiated mice as com­
pared to the total of all other treatment groups is highly-
significant for both strains taken together, but there is also 
a good indication of the existence of strain-dependence for 
this difference. Reference to the means for Experiment 6 in 
Table 1 shows that the difference in the comparison, control 
and head-exposed mice versus mid-, rear-, and whole-body-ex­
posed mice, is contributed to by all groups in the Ba strain, 
but in the S strain, the whole-body-exposure group is the only 
one which appears to be contributing to a difference in treat­
ment groups; .i.e. , all body third exposure groups appear simi­
lar in activity levels to controls. 
Other orthogonal comparisons show that head-exposed mice 
respond in the same manner as control mice, and that the re­
sponse of mid-exposed mice is similar to that of rear-exposed 
mice. However, a significant difference is found between mld-
and rear-irradiated mice as compared to whole-body-irradiated 
mice. These comparisons are the same for both strains. 
Since mid-exposed mice are equal to rear-exposed mice in 
response, and since both of them together are significantly 
different from whole-body-irradiated mice, this indicates that 
in this experiment there is more effect from whole-body irra­
diation than from irradiation of the mid third in Ba as well 
as in S mice. This is the only point on which Experiment 6 
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differs from the other experiments. For 3a mice, controls are 
equal to head-exposed mice, and both of these groups are more 
active than mid-exposed mice. The latter are equal to rear-
exposed mice, and whole-body-exposed mice are less active than 
any other group. For S mice, controls are equal to head-ex­
posed mice, mid-exposed, mice, and rear-exposed mice, and all 
of these are more active than whole-body-exposed mice. Ex­
posure of the rear third of the body, therefore, produces the 
same effect as exposure of the mid third in the same strain. 
In S mice this amounts to essentially no difference between 
rear exposure and control or head exposure groups, as well as 
the mid exposure group. 
Experiment 7, the means of which are shown in Table 1, was 
not analyzed statistically. As mentioned previously, the oc­
currence of five deaths during the experiment, involving three 
different treatment groups, would make it necessary either to 
eliminate all except three blocks from the analysis, or to es­
timate the missing values. Neither of these alternatives was 
considered worthwhile. Examination of the means indicates 
that although the mean for controls is the highest, there is a 
very small difference between it and any other treatment mean, 
and since the usual amount of individual variation exists in 
this experiment, statistical significance of any comparison is 
unlikely. It is not possible to place the effect of X-irradi-
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at ion of the combinations of two thirds of the body in relation 
to exposure of one third or the whole body, since all means are 
similar. 
Since few of the experiments are exact replicates of oth­
ers, it is not possible to combine all of the data in one sta­
tistical analysis. However, since there is a control animal 
paired to every treated animal, it is possible to analyze the 
effects of each treatment separately, within each strain, over 
all experiments in which the treatment occurs. Since concentra­
tion on each separate treatment involves more numbers for a 
given treatment than are available in any one experiment, this 
might be considered a better analysis for treatment effect 
alone than can be afforded by single experiments. Also, it 
provides a convenient summary of treatment effects in each of 
the two strains. 
Tables 8 and 9 show mean differences per pair between irra­
diated and control mice on day 1 through 8 post-treatment for 
all body thirds and whole-body irradiation groups over all ex­
periments. The means from which these calculations were made 
were shown in Table 1. All means were weighted according to 
the number of mice included in each. The means are expressed 
in terms of differences in revolutions per day per pair of 
mice, as are the standard errors of the mean differences. 
Also included in the tables are the activity levels of irra­
diated mice expressed as a per cent of control activity, day 1 
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Table 8. Difference between means in revolutions per mouse per 
day for control and irradiated Ba mice, day 1-8 post-
treatment, in Experiments 1-9 (2964 revolutions equal 
1 mile) 
Exposure : 
*0-%a **R/X0 
adaptation 
No. pairs 
of mice 
Head 1390 752 90 96 58 
Mid 2055 951 84 99 19 
Rear 2024 931 84 101 14 
Whole-body 3389 845 75 
to o
 
i—i 
29 
aMean difference between control .(x0) and irradiated (xR) 
means. 
^Standard error of the mean difference. 
Mean activity of irradiated mice in per cent of control 
activity. 
through 8 post-treatment, and during adaptation. The total 
numbers of pairs of mice involved in each treatment are given 
in the last column of each table. As is to be expected, pre­
sentation of the results in this manner leads to the same con­
clusions as did the individual analyses. In the Ba strain, 
head irradiation causes a slight reduction in activity, but 
in relationship to the reduction, the variation is rather great. 
Mid and rear exposures appear to produce essentially equal re­
sults, and both these groups are intermediate between the 
lesser effect resulting from head irradiation and the greater 
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Table 9. Differences between means in revolutions per mouse 
per day for control and irradiated S mice in Experi­
ments 2-9 (2964 revolutions equal 1 mile) 
Exposure x0~xRa 
a- - b 
X0~XR #KR/X0 
adaptation 
No. 
of 
pairs 
mice 
Head -140 1088 101 99 23 
Mid - 60 1025 100 99 13 
Rear 493 1474 97 104 8 
Whole-body 3473 916 80 101 26 
aMean difference between control (xQ) and irradiated (x ) 
means. R 
^Standard error of the mean difference. 
cMean activity of irradiated mice in per cent of control 
activity. 
effect of whole-body irradiation. In strain S, only irradia­
tion of the whole body produces a difference which could be 
considered greater than zero. Therefore, existence of a 
strain-treatment interaction is indicated by these tables. 
Since it is obvious from the raw data used in Tables 8 
and 9 that head-exposed Ba mice and head-, mid-, and rear-
exposed S mice do not show a difference which could be statis­
tically significant, analyses of variance on the data trans­
formed to logs were made only for mid- and rear-exposed Ba 
mice and for whole-body-exposed mice of both strains. Results 
are shown in Tables 10, 11, 12, and 13. In the Ba strain, 
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Table 10. Analysis of variance of effect of mid-irradiation in 
Ba mice, based on 8-day mean activity levels 
Sources of 
variation 
Degrees of 
freedom 
Reps 
Pairs/reps 
Treatments 
Treatments x reps 
Trts x pairs/reps 
Total 
3 
15 
1 
3 
15 
37 
Sums of 
squares 
0.1191 
0.3909 
0.0457 
0.0264 
0.2770 
0.8591 
Mean 
squares 
0.0397 
0.0261 
0.0457 
0.0088 
0.0185 
1.52 
2.48 4.25 
Table 11. Analysis of variance of effect of rear irradiation 
in Ba mice, based on 8-day mean activity levels 
Sources of Degrees of Sums of Mean 
variation freedom squares squares F P 
Reps 
Pairs/reps 
Treatment s 
Treatments x reps 
Trts x pairs/reps 
Total 
1 0.1749 
12 0.6613 
1 0.0632 
1 0.0033 
12 0.1704 
27 1.0731 
0.1749 3.18 .10 
0.0551 
0.0632 4.45 4.10 
0.0033 —— 
0.0142 
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Table 12. Analysis of variance of effect of whole-body irra­
diation in Ba mice, based on 8-day mean activity 
levels 
Sources of Degrees of Sums of Mean 
variation freedom squares squares F P 
Reps 5 0.1816 0.0363 2.57 4.10 
Pairs/reps 23 0.3249 0.0141 
Treatment s 1 0.2792 0.2792 17.96 * 
Treatments x reps 5 0.0570 0.0114 — —  —  
Trts x pairs/reps 23 0.3575 0.0155 
Total 57 1.2002 
^Significant at or beyond the .05 level of probability. 
Table 15. Analysis of variance of effect of whole-body irra­
diation in S mice, based on 8-day mean activity 
levels 
Sources of 
variation 
Degrees of 
freedom 
Sums of 
squares 
Mean 
squares F P 
Reps 4 0.1605 0.0401 4.70 * 
Pairs/reps 21 0.1793 0.0085 
Treatments 1 0.1334 0.1334 11.52 * 
Treatments x reps 4 0.0161 0.0040 — — —  
Trts x pairs/reps 21 0.2432 0.0116 
Total 51 0.7325 
^Significant at or beyond the .05 level of probability. 
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there are Indications of significant differences in all anal­
yses, but the possibility increases from mid to rear to whole-
body exposure, and in the latter it is highly significant. In 
3 mice, whole-body Irradiation also produces a highly signifi­
cant difference from controls. In no instance is there evi­
dence of an effect of replications on treatment responses, 
although there are indications of differences In activity lev­
els within each strain and treatment between experiment s. 
These differences are highly significant in strain S. 
Duration of Whole-body Radiation Effect 
Experiment 13, in which previously exposed mice (whole-
body-irradiated) were retested between 8 and 12 months of age, 
was designed to determine if the equality in activity between 
irradiated and control mice observed In the previous experi­
ments with the same mice would persist up to these ages. 
The data were analyzed in terms of mean activity per day 
per mouse. An analysis of variance of the scores after trans­
formation to logarithms is presented in Table 14. Treatments, 
replications, and all interactions are statistically signifi­
cant. As In the previous tests of these mice (Huff, 1958), a 
strain difference in activity levels was not found, but there 
is a significant difference in effect of radiation on the two 
strains. 
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Table 14. Analysis of variance of mean activity levels of con­
trol and whole-body-irradiated Ba and S mice 8 to 12 
months old 
Sources of Degrees of Sums of Mean 
variation freedom squares squares F P 
Time periods 5 0.7563 0.2521 9.88 « 
Strains 1 0.0276 0.0276 1.08 
Pairs/str/time 17 0.4339 0.0255 
Treatments 1 0.2599 0.2599 11.33 * 
Time x strains 3 0.2830 0.0943 4.11 * 
Time x trts 3 0.5781 0.1927 8.40 * 
Strains x trts 1 0.1875 0.1875 8.17 * 
Time x str x trts 3 0.3442 0.1147 5.00 * 
Trts x pairs/str/time 17 0.3899 0.0229 
Total 49 3.2604 
^Significant at or beyond the .05 level of probability. 
In order to compare these results with the results of the 
first tests, mean differences between irradiated and control 
mice were obtained, using untransformed data, and standard 
errors of the mean differences were calculated by the method of 
paired comparisons. They are shown in Tables 15 and 16, along 
with similar calculations based on specified periods within the 
initial tests of the same mice. It should be kept in mind that 
data involving days 1 through 8 and 20 through 24 (first test) 
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Table 15. Differences between means in revolutions per mouse 
per day for control and irradiated Ba mice in ini­
tial and delayed measurements 
Time of test x0"xRa 
q— — b 
- 
X0~XR %/xQ* 
No. of 
pairs of mice 
Initial test 
Adaptat ion 730 530 93 13 
Day 1-8 4580 1040 74 13 
Day 20-24 739 3209 95 13 
Second test 3940 1570 73 12 
aMean difference between control (xq) and irradiated (x^) 
means. 
^Standard error of the mean difference. 
cMean activity of irradiated mice in per cent of control 
activity. 
is a post-experimental decision, and as such, is biased; how­
ever, it is useful for purposes of comparison with the results 
of the second test period because it numerically illustrates 
the following conclusions previously drawn from the first test: 
(1) that the pairing procedure results in similar activity 
levels for mice receiving each treatment initially; (2) that 
the decrease in activity of irradiated mice occurring during 
the first 8 days after treatment was of greater magnitude in 
the Ba strain, and appeared too highly variable for signif1-
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Table 16. Differences between means in revolutions per mouse 
per day for control and irradiated S mice in ini­
tial and delayed measurements 
Time of test x0""xRa 
>
 
No. of 
pairs of mice 
Initial test 
Adaptation 86 850 99 14 
Day 1-8 2437 4640 85 14 
Day 20-24 1599 4191 112 14 
Second test 941 849 92 13 
aMean difference between control (xq) and irradiated (xp) 
means. 
^Standard error of the mean difference. 
°Mean activity of irradiated mice in per cent of control 
activity. 
cance in the S strain; and (3) that in the final days of the 
test period the activity levels of irradiated and non-irra­
diated mice were again similar within each strain, with a 
tendency for greater activity of irradiated animals appearing 
in the S strain, although again the responses of individual S 
mice are highly variable. 
The last row of Table 15 shows that In the second test 
period significant differences again exist between means for 
control and Irradiated mice in the Ba strain. Mean activity 
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levels of irradiated mice calculated in per cent of those of 
control mice are 73 per cent, compared to 74 per cent recorded 
during day 1 through 8 immediately following treatment. In 
the S strain, (.Table 16) there is no clear indication that any 
differences exist between irradiated and control mice in the 
second test period. 
One further comment on this data : note the high degree 
of agreement between the numbers which show activity of whole-
body- irradiated Ba mice expressed as a per cent of control ac­
tivity, day 1 through 8 post-treatment, in Table 15 and in 
Table 8 (74 per cent and 75 per cent, respectively). In S 
mice, the same observations, shown in Table 16 and Table 9, 
are 85 per cent and 80 per cent, respectively. Since each of 
these tables consists of completely different data, the close 
agreement between comparable measurements is considered worthy 
of mention. 
Influence of Genetic Backgrounds on 
Response to Whole-body Irradiation 
Figure 4 shows mean activity for all surviving Ba, S, and 
reciprocal F^ mice used in Experiments 8 and 9 following ex­
posure to 320 r X-radlatlon, expressed as a per cent of the ac­
tivity of their respective controls. For Ba mice, the low 
point (56 per cent) occurs on day 6, and the curve is similar 
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to that for whole-body-irradiated, mice previously shown in 
Figure 2, with the exception of the response on the first 3 
days post-treatment, which is somewhat atypical for Ba mice in 
Figure 4. Except for this, the response of Ba mice to radia­
tion is obviously greater than that of S mice or either F^ 
group. 
The low point (also 56 per cent) for S mice occurs on the 
third day, as before (see Figure 5), and is somewhat lower 
than recorded in Figure 3 for whole-body-irradiated mice of 
this strain. 
Hybrid mice produced from the cross, S x Ba, record a low 
of 65 per cent on day 4. During the initial 8-day period, the 
reciprocal hybrid, Ba x S, drops as low as 74 per cent, re­
corded on day 1, and the lowest point for this group occurs on 
day 19, when activity of the irradiated group is 72 per cent 
of that of controls. In general, however, the responses of 
both types of hybrids are similar. Furthermore, there can be 
little distinction made between inbred S mice and the two hy­
brids after the first three days on the basis of the graph. 
Table 17 shows mean activity, day 1 through 8 post-treat­
ment, of irradiated and control mice of each genotype from Ex­
periments 8 and 9, expressed in revolutions per day per mouse. 
It can be seen that irradiated mice of every genotype and from 
both experiments are lower in activity than their controls, 
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Table 17. Mean activity in revolutions per mouse per day, 
day 1-8, for surviving pairs of inbred and hybrid 
mice (2964 revolutions equal 1 mile) 
Exposure (320r) No. mice 
Exp. no. Cross None Whole-body per group 
8 Ba 14180 9859 5 
9 ii 14394 13219 5 
x 
H 14287 11539 
8 14696 11170 6 
9 » 19868 16622 6 
x 
ii 17282 13896 
8 S x Ba 21734 17187 5 
9 ii 20760 17173 6 
x ii 21203 17179 
8 Ba x S 19244 14099 6 
9 » 17160 17398 6 
x 
ii 18202 15748 
with the exception of Ba x S hybrids in Experiment 9, which 
show no difference in means between control and irradiated an-
imals. 
Table 18 indicates the activity of irradiated mice from 
Experiments 8 and 9 expressed as per cent of their respective 
control activity for the adaptation period, for day 1 through 
8 post-treatment and for the entire 24-day post-treatment peri­
od. Prior to conducting the experiments involving hybrid mice, 
it had been decided that since there was no evidence available 
regarding the reaction pattern of irradiated hybrids, as there 
had been for the inbred mice, there was no real justification 
82 
Table 18. Activity of Irradiated inbred and hybrid mice, ex­
pressed as per cent of control activity, during 
adaptation, day 1-8 post-treatment, and day 1-24 
post-treatment 
&cr/xq 
Exp. no. Cross Adaptation Day 1-8 Day 1-24 
8 Ba 96 70 74 
9 n 105 92 83 
x 
n 100 81 78 
8 99 76 75 
9 ii 102 84 93 
x 
ii 100 80 84 
8 S x Sa 104 79 90 
9 H 99 83 89 
x 
» 101 81 89 
8 Ba x S 94 73 85 
9 ii 101 101 91 
x H 98 87 88 
for analyzing these data on the basis of the initial 8-day peri­
od. Therefore, the data is analyzed in terms of 24-day means, 
as well as 8-day means for purposes of comparison with the in­
bred mice. Observation of Table 18 shows that the atypical 
response of Ba mice initially (pointed out in reference to Fig­
ure 4) is due to Experiment 9, which varies greatly from the 
results of Experiment 8 for Ba mice. Responses of S mice and 
of S x Ba hybrids are reasonably similar in both experiments, 
but a large amount of variation again exists in the responses 
of Ba x S hybrids between Experiment 8 and Experiment 9, with 
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the greater effect of radiation occurring in Experiment 8, as 
was the case for Ba mice also. Considering only 8-day means 
then, the responses of Ba mice are similar to those of Ba x S 
hybrids in each experiment, and the responses of S mice and S 
x Ba hybrids are comparable, in terms of per cent. When per­
centages are combined over both experiments, all four genetic 
groups appear similarly affected by the treatment. 
When per cents obtained from 24—day means are considered, 
data from Experiments 8 and 9 appear more closely in agreement 
within each genotype, except for inbred S mice, which often 
show considerable variation, anyway. 
When 24-day means are used, Ba mice appear to be- most af­
fected by radiation, S mice show an intermediate response, and 
both hybrids appear to be equally the most resistant. 
Analyses of variance on data transformed to logs were per­
formed on both 8-day and 24-day means. Orthogonal comparisons 
were made for genetic differences in activity levels and for 
interactions between genotype and treatment response; however, 
the error sums of squares cannot be subdivided because the 
factor which can be subdivided ("crosses") is not blocked— 
"treatments" is the blocked factor, and there are no degrees of 
freedom available for subdivision of the latter. Therefore, 
the error term may be somewhat less appropriate for orthogonal 
comparisons than it would be if it could be subdivided. 
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Analyses of the two experiments were made separately since 
there were considerable discrepancies in uniformity between 
them in some instances. Analyses of the initial 8-day periods 
are presented in Tables 19 and 20. In both experiments irra­
diated mice show significant differences from controls. Inter­
action sums of squares with 3 degrees of freedom are not sig­
nificant in either analysis. The interaction sum of squares 
for Experiment 8 was not subdivided, since it was already 
smaller than the mean square for error, which could not be sub­
divided. In Experiment 9, there is an indication of a possible 
difference in the way in which the two hybrid types responded 
to treatment. 
In both analyses significant differences in activity levels 
exist between genetic types. Examination of individual compar­
isons reveals that a highly significant difference exists be­
tween the two inbred strains as compared to the two hybrids, 
the latter being the more active (see Table 17). The differ­
ence in activity levels between Ba and S mice is highly sig­
nificant in Experiment 9, but not in Experiment 8; however, 
this point has already been sufficiently examined by the pre­
ceding material so that it seems safe to state that in general, 
there is a difference between these two inbred strains, the S 
mice being the more active. There is some indication in both 
experiments that a difference in activity levels between the 
Table 19. Analysis of variance of 8-day mean activity levels in Experiment 8 
1— 
Sources of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
squares F P 
Crosses 3 0. 3440 0. 1147 9.71 * 
Ba+S vs. SB*BS 1 0. 3105 0.3105 26. 29 •tt 
Ba vs. S 1 0. 0120 0.0120 1.02 
SB vs. BS 1 0. 0215 0.0215 1.82 <• .25 
Pairs/crosses 18 0. 2125 0. 0118 
Treatment s 1 0. 2201 0. 2201 17. 98 # 
Treatment x crosses 3 0. 0104 0. 0035 — — — 
Error (Trts x pairs/cr) 18 0. 2204 0. 0122 
Total 43 1. 0074 
*P is equal to or less than .05. 
Table 20. Analysis of variance of 8-day mean activity levels in Experiment 9 
Sources of 
variat ion 
Degrees of 
freedom 
Sum of 
squares 
Grosses 3 
Ba+S vs. SB+BS 1 
Ba vs. S 1 
SB vs. BS 1 
Pairs/crosses 19 
Treatments 1 
Treatments x crosses 3 
Ba*S vs. 5B+BS 1 
Ba vs. 3 1 
SB vs. BS 1 
Error (Trts x pairs/cr) 19 
Total 45 
0.1193 
0.0302 
0.0774 
0.0117 
0.0961 
0.0299 
0.0116 
0.0005 
0.0014 
0.0097 
0.1188 
0.3757 
Mean 
squares 
0.0398 
0.0302 
0.0774 
0.0117 
0.0051 
0.0299 
0.0039 
0.0005 
0.0014 
0.0097 
0.0063 
7.86 
5.96 
15.29 
2.32 
4.77 
# 
* 
4.25 
* 
1.55 4.25 
00 
m 
*P is equal to or less than .05. 
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reciprocal F]_ mice may exist. Table 17 shows that in both ex­
periments the cross S x Ba produced mice with a higher mean ac­
tivity level than did the reciprocal cross. 
In the analyses of the total post-irradiation periods, day 
1 through 24, (Tables 21 and 22) mean s for irradiated mice are 
still significantly lower than those of their controls in both 
Experiment 8 and Experiment 9. Also, as was-the case in the 8-
day analyses, the different genotypes appear to react to the 
treatment in a similar manner, indicated ny the non-significant 
interaction terms. However, in Experiment 8, it is shown that 
most of the interaction sum of squares is due to the comparison 
of inbreds versus hybrids, for which there is some indication 
of a response difference, the inbred mice showing a larger 
treatment effect than the hybrid mice. 
The existence of differences in activity levels between 
genotypes, found to be significant in the 8-day analyses, is 
substantiated, by the analyses of the complete 24-day period. 
The greatest parts of the treatment sums of squares in both 
experiments are due to difference between inbred mice compared 
to hybrid mice, but differences also are indicated for the com­
parison between S and Ba mice and for the comparison between 
the reciprocal hybrids. 
To summarize the results of Experiment 8 and 9, all sta­
tistical analyses leave no doubt as to the existence of an ef­
fect of 320 r X-radiation on Ba, S, and reciprocal hybrid mice. 
Table 21. Analysis of variance of 24-day mean activity levels in Experiment 8 
Sources of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
squares 
Crosses 3 
Ba*S vs. SB+BS 1 
Ba vs. S 1 
SB vs. BS 1 
Pairs/crosses 18 
Treatments 1 
Treatments x crosses 3 
Ba+S vs. SB+BS 1 
Ba vs. S 1 
SB vs. BS 1 
Error (Trts x pairs/cr) 18 
Total 43 
0.3608 
0.3318 
0.0111 
0.0179 
0.1393 
0.1115 
0.0218 
0.0187 
0.0016 
0.0015 
0.1731 
0.8065 
0.1203 
0.3318 
0.0111 
0.0179 
0.0077 
0. 1115 
0.0073 
0.0187 
0.0016 
0.0015 
0.0096 
15. 54 
42.89 
1.44 
2.31 
11. 59 
* 
.25 
4.25 
* 
1.94 <.25 
*P is equal to or less than .05. 
Table 22. Analysis of variance of 24-day mean activity levels in Experiment 9 
Sources of 
variation 
Degrees of 
freedom 
Crosses 3 
Ba+S vs. SB+BS 1 
Ba vs. S 1 
SB vs. BS 1 
Pairs/crosses 19 
Treatments 1 
Treatments x crosses 3 
BatS vs. SB+BS 1 
Ba vs. S 1 
SB vs. BS 1 
Error (Trts x pairs/cr) 19 
Total 45 
Sum of 
squares 
0.1412 
0.0664 
0.0616 
0.0132 
0.0840 
0.0296 
0.0059 
0.0003 
0.0055 
0.0001 
0.1026 
0.3633 
Mean 
squares 
0.0471 
0.0664 
0.0616 
0.0132 
0.0044 
0.0296 
0.0020 
0.0003 
0.0055 
0.0001 
0. 00-54 
10. 65 
15.02 
13. 94 
3.00 
5.48 
1.01 
* 
# 
4.10 
•ft 
*P is equal to or less than .05. 
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For the two inbred types, this fact had already been amply 
demonstrated. Statistical comparisons of the effect on hybrids 
and inbreds do not reveal consistent distinctions between re­
sponses to treatment, nor do comparisons between the two inbred 
strains or between the two hybrids. However, the mean response 
for the 24-day period, shown graphically in Figure 4 and in 
terms of per cent in-Table 18, does appear to be less for hy­
brid mice than for Inbred Ba mice, with the mean response of S 
mice more clc. sely approaching that of the hybrids. 
On the other hand, there is a clear difference in activity 
levels in general between inbred and hybrid mice, both types of 
hybrid offspring being more active than either inbred parent. 
The difference between 3a and S mice in activity levels is 
again demonstrated also, with S mice shown to be the more ac­
tive. In addition to these two differentiations, there is evi­
dence that the cross, S x Ba, produces progeny that tend to be 
more active than are those from the reciprocal cross. 
Observations on Genetic Control of Activity Levels 
Means of non-irradiated mice, based on the 24 days follow­
ing adaptation in Experiments 8 and 9, are given in Table 23, 
along with estimates of standard deviations (which indicate the 
range on either side of the mean that includes approximately 
two thirds of the individuals in the group composing the mean) 
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Table 23. Post-adaptation mean activity levels in revolutions 
per mouse per day for non-irradiated inbred and F^ 
mice (2954 revolutions equal 1 mile) 
Exp. no. Cross Mo. of mice x s C 
8 Ba 5 15021 2253 15 
9 ii 5 14695 1496 10 
x 
ii 14858 1674 12. 5 
8 6 16168 3031 19 
9 n 6 17696 3721 21 
x 
ii 16932 3376 20 
8 S x Ba 5 22312 3982 18 
9 ii 6 20128 1814 9 
x 
ii 21220 2898 13.5 
8 Ba x S 6 20106 1508 8 
9 n 6 17934 1997 11 
x 
» 19020 1752 9. 5 
and coefficients of variation (C), which indicate what the 
standard error represents in terms of per cent of the mean. 
The latter, then, is an indication of the degree of variability 
in each genetic group relative to each other. It can be seen 
from this table that the mice are ranked, from most active to 
least active, in the same order in both experiments : S x Ba; 
Ba x S; S; and Ba. Concerning variability between animals 
within a genetic group, inbred S mice show the most variation 
in response, an observation which has frequently been the case 
in prior work. Ba mice are less variable and are not far dif­
ferent from either hybrid in this respect. There is no clear 
92 
indication, therefore, of a difference in variability between 
hybrids and inbred mice. 
As a further check on the suspected differences between 
the reciprocal hybrids, an analysis of variance was made on 
the 24-day means for non-irradiated hybrid mice in Experiments 
8 and 9. Table 24 shows the results. The F value for the dif­
ference between the two hybrids very closely approaches the .05 
level of significance. (For P equals .05, with 1 and 19 degrees 
of freedom, F must equal 4.38) A difference between activity 
levels in Experiments 8 and 9 also exists, but the reaction of 
the two hybrids in relationship to each other is the same in 
both experiments, as the non-significant interaction mean square 
Indicates. (The sums of squares are the same for both "reps" 
and 11 crosses", because by chance the total activity of Ba x S 
hybrids in Experiment 8 exactly equals the total activity of 
S x Ba hybrids in Experiment 9. ) 
It seemed worthwhile to investigate this point to a greater 
extent. Since the only known genetic difference between S x Ba 
hybrids and Ba x S hybrids is the sex chromosome constitution, 
and since this difference would not occur in the homogametic 
female hybrids, the decision to measure volitional activity of 
female mice was made. If the same difference could be shown to 
occur in females, then the difference in males would have to be 
attributed to some other factor, such as maternal effect. How-
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Table 24. Analysis of variance of 24-day mean activity levels 
for non-irradiated hybrids in Experiments 8 and 9 
Sources of 
variation 
Degrees of 
freedom 
Reps 1 
Crosses 1 
Reps x crosses 1 
Error 19 
Total 22 
Sums of 
squares 
0.0111 
0.0111 
0.0012 
0.0501 
0.0725 
Mean 
squares 
0.0111 
0.0111 
0.0012 
0.0026 
4.20 4.10 
4.20 <.10 
ever, this would be difficult to explain, since Ba female 
parents would be contributing to the higher activity level. 
Table 25 presents post-adaptation mean activity levels per 
mouse per day for 3a, S, and reciprocal hybrid female mice, as 
well as standard deviations and coefficients of variation. 
These results closely resemble those for males given in Table 
23. The rank, from most active to least active Is the same: 
S x Ba; Ba x S; S; and Ba. However, the difference between the 
reciprocal female hybrids is less than the corresponding dif­
ferences in males. The mean level of activity and the degree 
of relative variability are similar to comparable data for 
males, the inbred S females showing the most variation, and 
inbred Ba females showing variability intermediate between 
that of the hybrid types. 
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Table 25. post-adaptation means in revolutions per mouse per 
day for non-irradiated inbred and F% female mice in 
Experiment 10 (2964 revolutions equal 1 mile) 
Gross 
No. of 
mice X s G 
Ba 8 12546 1762 14 
S 8 14827 3181 21 
S x Ea 16 18629 5155 17 
Ba x S 16 17611 1728 10 
An analysis of variance of post-adaptation means of Exper­
iment 10 is shown in Table 26. Significant differences in ac­
tivity levels exist between genotypes. Subdivision of the sum 
of squares for "crosses" by orthogonal comparisons reveals that 
most of it is involved in the difference between the two inbred 
types versus the two hybrid groups. There is also a good indi­
cation of a difference between S and Ba Inbred mice. However, 
there is no indication that a true difference exists between 
reciprocal hybrid females. The-analysis indicates that the de­
gree of overlap in activity levels between the hybrid mice is 
too great for the mean difference of 1000 revolutions per mouse 
per day to be considered due to anything other than random 
chance. Therefore, an influence of sex chromosome constitution 
on the difference between activity levels of reciprocal hybrid 
males remains a possibility. 
Table 26. Analysis of variance of post-adaptation mean activity levels of inbred 
and hybrid female mice in Experiment 10 
Sources of Degrees of Sum of Mean 
variation freedom squares squares F P 
Crosses 3 0/1910 0.0637 11. 97 * 
Ba+S vs. SB+BS 1 0. 1709 0. 1709 32. 14 * 
Ba vs. S 1 0. 0168 0. 0168 3. 17 H
 
O
 
SB vs. BS 1 0. 0033 0. 0033 - -— 
Error 44 0.2340 0.0053 
Total 47 0.4250 
*P is equal to or less than .05. 
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Experiments 11 and 12 are identical in design and involved 
males from the two inbred strains, reciprocal F-j_ progenies, and 
the four backcross progenies listed in the previous outline of 
these experiments. Means, standard errors, and coefficients of 
variation for these mice are shown in Table 27. They should be 
referred to in conjunction with the combined statistical anal­
ysis, presented in Table 28. As is to be expected, a highly 
significant difference exists between the different genetic 
groups. An indication exists of a possible difference in ac­
tivity levels between replications, and more important to the 
conclusions, there is a good possibility of differences in ac­
tivity levels within genetic groups between the two replications. 
The sum of squares for "crosses" can be subdivided into a 
set of seven orthogonal comparisons. In choosing the particu­
lar set used, care was taken to make each comparison a geneti­
cally valid one, reasoning thusly: In the previous experiments 
involving males, the hybrid receiving the X chromosome from 
the Ba parent and the Y chromosome from the S parent was the 
more active. Somatic chromosome constitution should be identi­
cal in both hybrids. Therefore, there is an inclination to 
attribute the existing difference to the sex chromosomes. Fur­
thermore, since inbred S males are more active than inbred Ba 
males, it would seem likely that is is the Y chromosome from 
the S parent which is responsible for the greater activity of 
the S x Ba hybrids, rather than the X chromosome from the Ba 
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Table 27. Post-adaptation mean activity levels in revolutions 
per mouse per day for non-irradiated inbred, F]_, and 
backcross mice in Experiments 11 and 12 (2964 revo­
lutions equal 1 mile) 
Sex cnromosome 
Exp. No. of __ constitution 
no. Gross mice x s G X Y 
11 Ba 6 15880 2157 14 Ba Ba 
12 h 6 12233 1279 10 
x h 14056 1718 12 
11 S 6 18062 2756 15 S S 
12 » 6 19366 1733 9 
x 18714 2244 12 
11 S x Ba 6 20617 2841 14 Ba S 
12 m 6 21751 3265 15 
x ii 21184 3053 14.5 
11 Ba x S 6 20212 2375 12 S Ba 
12 h 6 17480 3038 17 
x h 18846 2706 14. 5 
11 SB x Ba 6 20652 2864 14 Ba S 
12 h 6 18184 3494 19 
x h 19418 3179 16 
11 SB x S 6 16628 690 4 S S 
12 h 6 20345 2464 12 
x h 18486 157V 8 
11 BS x Ba 6 17948 1847 10 Ba Ba 
12 ii 6 14721 6319 43 
x ii 16334 4083 26 
11 BS x S 6 19898 4465 22 S Ba 
12 » 6 19123 3545 19 
% H 19510 4005 20 
Table 28. Analysis of variance of post-adaptation mean activity levels of inbred, 
Fi, and backcross mice in Experiments 11 and 12 
Sources of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
squares 
Reps 1 0.  0265 0.  0265 2.52 *.25 
Grosses 7 0.  3101 0.  0443 4.20 * 
Inbred vs. others 1 .0659 .0659 6.25 
Ba vs. S 1 .0973 .0973 9.23 * 
Fi vs. BO 1 .0332 .0332 3.15 <.10 
S x Ba vs. Ba x S 1 .0162 .0162 1. 53 4  .25 
BO to Ba vs. BO to S 1 .0242 .0242 2.%9 4 .  25 
Reclp. BO to S 1 .0024 . 0024 — — — 
Recip. BO to Ba 1 .0709 .0709 6.73 # 
Reps x Grosses 7 0.  1348 0.  0193 1.83 . 10 
Inbred vs. others 1 .0003 .0003 — — — 
Ba vs. S 1 .0318 J .0318 3.02 < . 10 
F% vs. BO 1 .0009 . 0009 — — — 
S x Ba vs. Ba x S 1 .0117 .0117 1.11 
BO to Ba vs. BO to S 1 .0608 .0608 5.77 
Reclp. BO to S 1 .0150 .0150 1.42 4.25 
Recip. BO to Ba 1 .0143 .0143 1.14 
Error 80 0.  8433 0.  0105 
Total 95 1.  3147 
oo 
*P is equal to or less than .05. 
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parent. However, a number of other factors which are known to, 
or are likely to be contributing to activity levels complicate 
an analysis of any one factor: (1) The difference between Ba 
and S inbred mice is greater and more consistently significant 
than that between reciprocal hybrids, and occurs in both sexes, 
indicating that the S genotype may be superior to the Ba geno­
type regarding other factors in addition to the Y chromosome ; 
(2) The hybrids, both male and female, and in the case of 
males, whether they have the Y chromosome or not, tend to 
better the performance of both inbred strains, indicating an 
Influence of heterozygosity, and (3) the possibility of inter­
action of the X chromosome with the Y chromosome cannot be 
completely disregarded. ( "Homozygosity11 and "heterozygosity" 
refer in this discussion to whether the origins of the chro­
mosome pairs in question are from one strain or from both 
strains, respectively.) 
With these factors in mind, a set of orthogonal compari­
sons was devised whereby the Y chromosome of S origin could be 
measured against the Y chromosome of Ba origin in genetic back­
grounds which are otherwise comparable. Actually, the complete 
genotype of backcross progenies cannot be exactly predicted, 
because of the heterozygosity of F^ mice, but on the average, 
progeny from a backcross of reciprocal F-j_ mice to a given in­
bred strain should be comparable, except for the type of Y 
chromosome. Variability estimates for backcross mice are, in 
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most cases, somewhat greater than those for Inbred and F]_ mice 
(see Table 27), reflecting the extra variation allowed for by 
genetic differences within backcross groups. 
The orthogonal comparisons also yield information on the 
other points mentioned as probably or possibly influencing ac­
tivity levels. 
Table 27 indicates the type of sex chromosome constitution 
of each cross. 
The first comparison is between inbred Ba and S mice 
versus F^ and backcross mice. In each of these groups there 
are equal proportions of each kind of X and Y chromosomes ; 
therefore, the comparison is a measurement of effects of heter­
ozygosity, and the analysis shows a significant increase in ac­
tivity among the heterozygous group as compared to the homozy­
gous group. The results for this analysis are the same in both 
experiments. 
The second comparison, between Ba and S inbred mice, is 
highly significant and in agreement with all previous compari­
sons between these two inbred strains. The indication of a 
significant interaction with replication can be explained by 
observation of the means in Table 27, which show that the dif­
ference in activity levels between experiments is one of degree, 
rather than kind. 
The third subdivision compares F-j_ mice with backcross mice. 
Here again, the kinds of sex chromosomes are proportional be­
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tween the two groups, and the difference is mainly one of de­
gree of heterozygosity. Heterozygosity versus homozygosity of 
sex chromosomes is also involved, since all F^ mice are com­
pletely heterozygous, whereas half of the backcross groups are 
homozygous for this pair of chromosomes. The analysis shows a 
good indication of the possibility that a difference exists, 
the more completely heterozygous Fj mice being more active than 
backcross progeny. The non-significant interaction indicates 
that the same relationship exists in both replications. 
The fourth comparison, between reciprocal F^ mice, shows 
only a probability of less than .25 for chance occurrence. 
However, since in both these experiments, as well as in both 
Experiments 8 and 9, S x 3a progeny exceeded Ba x S progeny in 
activity level, and since the reverse order has never occurred, 
it still seems likely that there is a difference between these 
two genotypes. 
The fifth comparison is to determine whether progeny from 
backcrosses to S females, Irrespective of the particular Y 
chromosome carried by the F^ males, are superior in activity 
levels to progeny from comparable backcrosses to 3a females. 
There is a slight possibility that a difference does exist, but 
examination of the significant interaction with replications, 
and reference to Table 27 shows that superiority of backcrosses 
to S females over backcrosses to Ba females occurs in Experi­
ment 12 only, and therefore a true difference can be questioned. 
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The sixth subdivision is a comparison between backcrosses 
of reciprocal Fj_ mice to S females. One group of progeny pos­
sesses the Y chromosome from the S strain, and the other pos-
esses the Y chromosome from the Ba strain. Both groups have X 
chromosomes from the S female parent, and on the average, both 
groups should be comparable in regard to somatic chromosome con­
stitution. The analysis shows no significant differences be­
tween these two backcrosses, indicating that the Y chromosome 
of S origin produces no more, and perhaps a little less, activ­
ity than the Y chromosome of 3a origin when the two types of Y 
chromosomes are in a predominantly S background. There is a 
slight indication of a difference between the two replications 
in regard, to this comparison. Table 27 shows that the relation­
ship between these two groups in Experiment 12 is the reverse 
of that in Experiment 11, and the combined mean is slightly 
higher for the group possessing the Y chromosome of Ba origin. 
The seventh, and final, comparison is between two groups 
of progeny from backcrosses to Ba females. One group contains 
the Y chromosome of S origin, whereas the other possesses the Y 
chromosome of Ba origin. In both groups the X chromosome is of 
Ba origin and the somatic chromosomes are, on the average, pre­
dominantly of Ba origin. There Is a significant difference be­
tween these two groups, the backcross progeny possessing the Y 
chromosome of S origin being the more active in both replica­
tions. 
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In summary, it has been shown that degree of heterozygosity 
and origin of chromosomes in general are both important factors 
in determining level of activity. The role of the Y chromosome 
appears to be dependent on the rest of the genetic complement: 
If the X chromosome and at least half of the somatic chromo­
somes are of Ba origin, then the Y chromosome of S origin is 
better than the Y chromosome of 3a origin ; in a predominantly 
S background, there is no demonstrable difference between the 
two types of Y chromosomes. 
Referring again to Table 27, the genetic groups can be 
ranked in the following order : 
Chromosome Mean 
constitution activity 
X Y level 
Ba S  ( F - , )  2 1 1 8 4  
S Ba (BC to S) 19510 
Ba S (BC to Ba) 19418 
S  Ba (F T )  1 8 8 4 6  
S S (inbred) 16714 
S S (BC to S) 18486 
Ba Ba (BC to Ba) 16334 
Ba Ba (inbred) 14056 
The most active group, the S x Ba F]_, possesses the great­
est proportion of S chromosomes which can exist with the high­
est possible degree of heterozygosity. In addition, they pos­
sess the Y chromosome of S origin in combination with the X 
chromosome of Ba origin and not more than half of the somatic 
chromosomes are of S origin. Therefore, this group possesses 
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the most propitious combination of the factors which have been 
shown to have some influence on level of activity. 
The next five groups possess some, but not all, of the 
favorable factors, and are not greatly different from one 
another. 
The backcross of Ba x S to Ba females produces progeny 
possessing comparatively few of the factors shown to be im­
portant. They possess on the average approximately one fourth 
S chromosomes, and therefore, there is some heterozygosity and 
also some Influence due to substitution of S chromosomes for Ba 
chromosomes, but the sex chromosomes are both of Ba origin. 
The very lowest group is the inbred Ba strain, which possesses 
none of the factors which appear likely to increase activity. 
Mean weights in grams at the beginning and end of Experi­
ments 10, 11, and 12 are shown in Table 29. All weights for 
males fall within the 11 normal11 range, for which no correlation 
with activity level has been demonstrated. 
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Table 29. Mean weights In grams for all mice in Experiments 
10, 11, and 12 at beginning and end of tests 
Males Females 
Cross Beginning End Beginning End 
Ba 24.8 24.0 19.1 18.4 
S 25.4 24.4 20.6 19.6 
S x Ba 26.6 25.4 21.Z 20.1 
Ba X S 26.2 26.0 21.1 19.9 
SB x Ba 27.0 25.5 
S3 x S 28.0 26.5 
BS x 3a 25.2 24.7 
BS x S 27.0 26.2 
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DISCUSSION 
Mechanism of the Effect 
The results of these investigations confirm the previous 
conclusions based on prior experiment s in regard to the kind 
and degree of the initial effect on volitional activity pro­
duced by 320 r whole-body X-lrradiation of inbred mice from 
the Ba and S strains. In general, whole-body irradiation of 
these strains at this dose produces a statistically measurable 
reduction in activity which is more pronounced in the Ba strain 
than in the S strain. Since mice of the former strain are more 
susceptible to radiation regarding indices other than activity, 
the quantitative difference in activity response is compatible 
with other data. 
The question raised in the introduction as to the quanti­
tative or qualitative nature of the radiation response in terms 
of volitional activity can now be considered on the basis of 
the work done on partial-body radiation. It has been shown 
that the over-all effect of whole-body irradiation exceeds that 
resulting from irradiation of any body third. Therefore, the 
effect of whole-body exposure appears to be at least partially 
dependent on the quantity of cells exposed. Other investiga­
tors (Stadler and G-owen, 1957; Glaus, 1958) have pointed out 
that whole-body irradiation is, in a sense, a special case, 
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because there are no cells In the entire body that are unex­
posed. Therefore, even when particular organs are involved in 
the response, there may be an additional factor (the absence of 
any unexposed cells for compensating effects) operating in 
whole-body-irradiated animals. Stadler and Gowen (1957) found 
that this hypothesis fits their data when considering survival 
abilities of totally and partially irradiated strains of mice. 
Since the ability to compensate for functional changes even 
when structural changes are permanent has been observed after 
partial-body-irradiation (Lebedinskv, 1956, and Gerstner and 
Kent, 1957), it seems reasonable that the beneficial value of 
possession of some unexposed cells observed in survival ability 
would also be important in determining changes in activity 
levels. 
The observation of Kirneldorf et aJ. (1950) that exercise 
after irradiation tends to increase lethality may also be in­
fluencing the degree and duration of the decreased activity; 
i.e., the fact that irradiated mice exercised on day 1 after 
irradiation may enhance the radiation effect on the following 
day, and so on. This effect of prior exercise could be more 
pronounced in whole-body-irradiated mice than in partially ex­
posed mice which have unexposed cells capable of compensating 
action immediately after treatment. From the graphs of activ­
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ity (Figures 2 and 3) it is oovious that whole-body-irradiated 
mice are able to compensate eventually, also, within the 24-day 
period measured. 
If the decreased performance of volitional activity by ir­
radiated animals is considered to be a function of motivation, 
rather than physical capability (Leary and Ruch, 1955; Smith 
and Smith, i960) or if it is considered as an indication of a 
general feeling of malaise (Jones, e_t al., 1954) then exposure 
of the entire organism would again be expected to have a great­
er effect than partial exposure'. 
Up to this point it has been conceded that the effect of 
radiation on activity level has a quantitative aspect; _i._e. , 
there is a dependency on amount of tissue exposed, and more­
over, there is probably an additional effect caused by lack of 
any unexposed regions in whole-body-Irradiated animals. 
Whether or not the response is also partially qualitative; _i._e., 
« 
dependent on kind of tissue exposed, should be revealed by the 
results of partial-body irradiation. Actually, because an 
organism involves interrelationships between organs, partial-
body irradiation may not have the same effect on a particular 
organ as would whole-body irradiation, because of secondary ef­
fects on that organ due to its interactions with other body 
systems. However, primary effects of radiation on a given 
organ or group of organs can be detected with this approach. 
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Analyses of activity levels following irradiation of each 
of the body thirds in S mice produced no significant evidence 
of any effects due to any of these regions, although the rear 
third did appear to be important during the first 3 days (Fig­
ure 3). From these results it would appear that there is a 
threshold for the type of effect under consideration, and for 
strain S this threshold is above the influence of 320 r X-
irradiaticn of one third of the body. Since it has already 
been mentioned that this strain is the most resistant to X-
radiation of the 10 inbred strains in this laboratory, it 
would be the most likely to reveal a threshold, if one exists. 
Irradiation of quantities of the body exposing between one third 
and the whole body is necessary to determine if any exposure 
less than total exposure could produce an effect. The impor­
tance of leaving at least a few unexposed cells would be even 
more striking if nothing less than whole-body irradiation could 
cause a reduction in activity. 
If only the S strain had been used in these investigations, 
it might have been concluded that no qualitative effect existed. 
However, results of radiation applied to thirds of the body in 
the Ba strain lead to quite different conclusions. There is a 
statistically demonstrable effect of partial-body irradiation 
during the period measured, and furthermore, this effect has 
been shown to depend upon which third of the body is irradiated. 
The effect of irradiating the head third is so slight that a 
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real difference between treated and control mice can be ques­
tioned. On the other hand, irradiation of either the mid or 
the rear third produces a definite decrease in activity level. 
On the basis of 8-day means, changes due to mid or rear irra­
diation are the same; however, the graphic portrayal of the 
results (Figure 2) shows that during the first 5 days the mid 
response is strikingly similar to the total-bocy response, 
whereas the response of rear-irradiated mice is of a somewhat 
lower magnitude. It would appear then, that the order of in-
- creasing effect is head, rear, mid, and whole-body. This is 
in agreement with the results found by Stadler and C-owen (1957) 
for survival ability. 
The failure to find a large or consistent change due to 
520 r X-irradiation of the head is not surprising. Doses in 
the LDgo range or even higher are necessary to produce gross 
structural changes in the brain (Caster, e_t al. , 1958). G-erst-
ner and Kent (1957) did note functional changes in the striated 
muscle apparatus after head irradiation of rabbits, which was 
attributed to impairment of nervous control, but the dosage 
used was in the range from 4200 to 9000 r. Jones, et al. at­
tributed the second period of decline in volitional activity of 
rats which occurred in their experiments to central nervous 
system injury, but again, the dose used was between 1500 and 
2000 r. Functional changes have been produced with lower doses 
of radiation applied to the head region (Caster, ejt al., 1958) 
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but most of these are concerned, with simple reflexes and elec­
trical activity of various parts of the brain (Minaev, 1954; 
Lebedinsky, 1956; Gangloff and Haley, 1959). Since the brain 
stem and higher autonomic centers can be morphologically altered 
more readily than other parts of the central nervous system 
(Lebedinsky, 1956), any effect from head irradiation on voli­
tional activity might result from lack of control of such 
processes as respiration, circulation, or coordination. How­
ever, the existence of alternate circuits for many brain func­
tions would decrease the likelihood of detecting consistent 
functional changes at low doses, and the present investigations 
do not support the existence of any consistent effect from 320 
r head X-irradiation. 
The mid third, which has shown perhaps the most effect of 
any body third (although the response for this treatment is 
somewhat more variable than is the response of rear-irradiated 
mice), involves several organ systems, including the stomach, 
upper intestinal tract, liver, spleen, adrenals, and kidneys. 
The liver and kidneys have been shown to be relatively radio­
resistant (Glaus, 1958), and are unlikely to be contributing 
factors to functional changes occurring at a dose as low as 
320 r. Hematopoietic and lymphogenous tissues, much of which 
is included in the mid third, are among the more radiosensitive 
elements in the body (Claus, 1958). Their possible role in de­
creasing volitional activity after irradiation and the effects 
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of bone marrow injection have been investigated by Jones, et_ aL 
(1957) who concluded that at a dose of 650 r or greater, activ­
ity decrements after the first week could be related to hema­
topoietic damage. However, changes during the first week, or 
any changes following lower doses, were not correlated with 
hematopoietic activity. The initial increase in adrenocortical 
activity following irradiation may account for some of the 
early radiation symptoms, according to Patt, _et_ al. (1947), who 
found similar changes in blood and lymphoid tissue when adreno­
cortical extract was supplied to rats as when they were irra­
diated. 
The increased hormonal output of both the adrenal medulla 
(Goodall and Long, 1959) and the adrenal cortex (Patt, et_ al. , 
1947) within a few hours after irradiation is followed by a 
period in which the adrenal gland, depleted of its stores of 
hormones, exhibits a temporary period of exhaustion, which may 
last for several days. It seems reasonable that a reduction in 
activity might occur during this stage because of the effects 
these hormones have on glycogenolysis, gluconeogenesis and 
blood flow. Lack of sufficient adrenal hormones would reduce 
the energy supply to muscles because of these factors. The 
effects of the adrenocortical hormones have been discussed by 
Ramey, et_ al. (1950) and Haley, et al. (1958) in relation to 
the possible influence on muscle fatigue both with and without 
radiation, and it was concluded that probably the most slgnifi-
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cant contribution of adrenocortical hormone deficiency to 
muscle fatigue is the impairment of blood flow, resulting in 
insufficient energy supplies to the muscles. Concurrent adren­
aline deficiency would be expected to enhance this effect be­
cause of its influence on the blood glucose level as well as 
its many sympathetic actions which could affect muscle fa­
tigability and activity. 
One other system which is likely to be involved in the ef­
fect of radiation on activity is the digestive tract. The epi­
thelium of the small intestine is second only tc the hemato­
poietic system in degree of sensitivity (Claus, 1958). Many 
investigators have demonstrated the reduction in absorption of 
foodstuffs by the small intestine after irradiation. Moss 
(1957) has shown that glucose absorption may be more severely 
affected because of its dependency for transport on phospho­
rylation, a process which is disturbed to a somewhat greater 
degree by radiation than is simple diffusion. 
The fact that irradiation of the rear third of the body 
results in an activity reduction which is very similar to that 
caused by mid irradiation tends to further implicate damage to 
the intestinal tract and the resultant poor glucose absorption 
as a major contributing factor. This view is also held by 
Haley, et al. (1958) 
Another possible effect on activity following rear irra­
diation might be attributed to a change in hormone output of 
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the interstitial cells of the testes, in view of the sex effect 
on general activity level which has previously been discussed. 
However, most investigators have found that the interstitial 
cells appear unaltered by radiation except at extremely high 
doses (Glaus, 1958). Kohn et_ al. (1957) did note the presence 
of an abnormal substance in the interstitial cells of mouse 
testes several weeks after doses of from 400 to 799 r. The 
possible significance of this substance to hormone production 
is undetermined. 
The similarity of effects between mid and rear Irradiation 
does not necessarily mean that the other factors in addition to 
intestinal damage mentioned as possibilities in the mid section 
are not also operating. If the energy supply to muscle is re­
duced, it may not make a great deal of difference in terms of 
the response whether one or several body systems are contrib­
uting to the deficiency. There is one point to be made for the 
view that intestinal damage is one of the most likely factors 
to be acting in the initial radiation response in the present 
investigations, however, concerning the relative sensitivities 
of the various organs discussed to radiation. Almost all ef­
fects which have been mentioned were observed after application 
of somewhat higher doses of radiation than that used in these 
investigations. Most structural and physiological changes are 
difficult to measure at 320 r. If we rule out the hematopoietic 
system as the cause of the Initial activity decrease (Jones 
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et al., 195?) then the relatively greater sensitivity of the 
intestinal epithelium in comparison with the other organs men­
tioned would make it more highly suspect as a causative agent 
with a dose as low as 320 r. 
To summarize the results of the studies designed to indi­
cate the mechanism involved in changes in activity level-, it 
appears that, providing the dose used is above the threshold 
for detection of the response in a given strain, the kind of 
tissue irradiated is important in the initial period (approxi­
mately 5 days) and subsequent to this period, the amount of 
exposed tissue is most important. 
Duration of Whole-body Radiation Effect 
The results of the experiment in which the activity levels 
of whole-body-irradiated mice were redetermined 5v$- to 9|- months 
after treatment indicate that the return to normal activity 
levels observed near the end of the third week following irra­
diation may be only a temporary manifestation of recovery. 
The possibility that the "recovery" period, rather than the ini­
tial response period, is the impermanent phase of the response 
must now be examined. 
Whether or not this is true appears to be at least par­
tially dependent on genotype, as evidenced by the response of 
S mice to the second test. However, the difference in mean 
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response between Irradiated and control S mice on days 1 
through 8 immediately after treatment, although of sufficient 
magnitude to be of some interest, cannot be demonstrated to be 
a true difference statistically in this particular group of 14 
pairs of S mice. Therefore, there remains the question of 
whether the results of retosting these S mice demonstrate a 
case in which recovery from radiation effects appears permanent, 
or whether this is a case in which radiation had virtually no 
effect in the first place. 
The question of whether the difference in activity levels 
between irradiated and non-irradiated Da mice 8 to 12 months 
old would be maintained indefinitely, or whether the activity 
curve through time for irradiated mice Is merely multiphasic, 
with several periods of decline followed by as many periods of 
11 recovery11 cannot be answered with certainty. The significance 
of time periods and their interactions with other factors shown 
in the analysis of variance (Table 14) indicates that the re­
action of the mice to treatment depended partly on the time pe­
riod. However, the number of pairs per strain within each time 
period are so small that is difficult to base any conclusions 
on differences between time periods. The mean response of irra­
diated Ba mice is lower than that of control mice within every 
time period and within every age group, the order of increasing 
response for the latter being 12 months, 8 months, and 9 months. 
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This indicates that the effect observed in the second measure­
ment of Ba mice is probably long-term. 
The equality of control and irradiated mice observed at 
the end of the first test period, which led to Che original 
hypothesis of recovery (Huff, 1958) has also been observed by 
Jones _et al. ( 1954) in a study involving volitional activity 
of rats, and by Kimeldorf, e_t al. ( 1952) and McKeen, et_ al. 
(1949) in regard to forced exercise of rats. However, the 
longest period during which measurements were recorded by any 
of these investigators was 13 weeks after irradiation. Func­
tional responses of various body tissues have also been re­
ported as temporary (Patt, et al. 1947; Goodall and Long, 1959; 
Gerstner and Kent, 1957; Glaus, 1958). On the other hand, in 
a study of the effect of fast neutrons on the performance of 
mice in a forced exercise test, Stapleton and Curtis (1946) 
found a direct relationship to exist between magnitude of ef­
fect and duration of time after testing (up to 300 days). 
Furthermore, Kohn, et al. (1957) have detected structural 
changes in irradiated mice present from 7 weeks to 330 days 
after treatment, during a time in which little or no differ­
ences between surviving irradiated mice and controls are grossly 
apparent. In regard to lethality, it has been shown by many 
investigators (Gowen and Stadler, 1956; Glaus, 1958) that re­
covery from the initial acute effects of radiation does not as­
sure an animal of an average life span. Apparently, the phys­
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iological changes and deterioration associated with advancing 
chronological age occur more rapidly in irradiated mice than in 
non-irradiated mice. Since older mice have lower activity lev­
els than younger mice with the same experience (Jones, et_ al; 
1955) it seems reasonable to find that irradiated mice at later 
ages are less active than controls of the same ages and prior 
experience. 
Influence of Genetic Backgrounds on 
Response to Whole-body Irradiation 
The fact that radiation tends to more easily influence ac­
tivity levels of mice from the Ba strain than of mice from the 
S strain indicates the importance of the genetic backgrounds in 
determining the response. The effect of whole-body irradiation 
on reciprocal hybrid mice in terms of activity levels has been 
shown to be similar in kind to the effect observed in their in­
bred parents; i,.j2. , there is an initial decrease in activity 
followed by an increase to a level of activity similar to that 
of the controls. There is no significant difference between 
the responses of hybrid or inbred mice in the amount of the 
initial decrease, although on the average the inbred mice ap­
pear to be affected to a greater extent. This indicates that 
probably similar mechanisms are influencing the initial response 
and that the genie control of these mechanisms is relatively 
uniform within these strains. On tne other hand, there is some 
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statistical, as well as graphical, indication of a difference 
in degree of response between hybrid and Inbred mice during 
the remainder of the 24-day period. The hybrid mice are able 
to resume activity levels similar to their controls more 
quickly than are inbred Ba mice, indicating a more competent 
compensating mechanism exists in the former. Hybrid mice are 
slightly superior to 5 mice also in regard to over-all average, 
but an unquestionable superiority of hybrids over S mice in de­
gree of resistance has not been demonstrated. The reciprocal 
hybrids do not appear to differ consistently from each other in 
regard to radiation response. 
Other investigations have disclosed similar findings in 
regard to hybrid and inbred responses to radiation in terms of 
survival ability (Luchnik, 1957; Hugh and Wolff, 1958; G-rahn, 
1958). In all these studies, the two inbred parental strains 
differed in degree of resistance, and the resultant hybrids 
were more resistant than either inbred strain. Additional in­
formation from F2 and F3 generations tended to support G-rahn1 s 
conclusions that resistance is dominant to susceptibility, and 
in addition, there is a heterotic effect which operates to 
further increase resistance in the F^ generation. The domi­
nance of resistance to a number of deleterious agents is a 
general finding in the F^ progenies of crosses between resistant 
and susceptible organisms (G-owen, 1948). The results of the 
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present investigations indicate that the activity response to 
radiation is probably dependent upon the same genetic mechanisms 
as is survival ability. 
Observations on Genetic Control of Activity Levels 
The most consistent of all observations made in these in­
vestigations has been the superiority of S mice over Ba mice in 
general level of activity without treatment. This is in con­
trast to the preliminary experiments, based on much fewer num­
bers of animals, in which mice of both strains appeared equally 
active over all four experiments. F-, mice were more active 
than either inbred strain, indicating an effect of heterozygos­
ity. In addition to the many other manifestations of superi­
ority of heterozygotes (Gowen, 19c2), the results of selecting 
for active and inactive mice (Brody, 1942) would lend support 
to the present results. 
The difference observed between reciprocal F]_ progenies, 
however, has implicated the sex chromosome constitution in ac­
tivity determination. Since the S x Ba hybrid was the more 
active, it seemed possible that the Y chromosome contributed 
by the S parent might have some influence. Results of tests 
of female mice and of backcross progenies indicated that the 
Y chromosome may be of some importance in determination of 
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activity levels, but that this influence is dependent upon the 
rest of the genotype, particularly the X chromosome. 
Attributing function to the Y chromosome is not a new 
idea. Evidence for genie activity of this chromosome in 
Drosophila has been reported by Gowen and Gay (1933), Neuhaus 
(1939), Barigozzi (1950, 1951), and 3ross eau (1960). In the 
mouse, possibilities of functions attributable to the Y chro­
mosome have been discussed by Bernstein, _et al. (1958) and 
Wclshons and Russell (1959). Most of these investigations 
have involved quantitative characters, as have the present ex­
periments on activity. 
If the genetic influence on behavior such as activity 
could be defined, then a more refined approach to problems of 
radiation effects on behavior of subsequent generations would 
be possible. Therefore, the investigations which have been 
discussed in this regard are considered to be of some value. 
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SUMMARY AND CONCLUSIONS 
The nature of the effect of 320 r X-radiation on voli­
tional activity and its relationship to genetic backgrounds 
have been examined, usiner a total of 506 inbred and hybrid 
mice. The following conclusions are indicated by the data : 
1. The previously reported reduction in activity of 
whole-body-irradiated, mice, and the magnitude of this decrease 
in each of the inbred strains, Ba and 3, is confirmed. 
2. The initial reduction appears to be tissue-specific, 
with damage to the intestinal epithelium probably assuming a 
major role at the dose used. 
3. The amount of tissue exposed is a primary factor in 
determining the duration of the initial reduction. 
4. A compensating action appears to be afforded by un­
exposed cells following radiation. Evidence for this action 
is provided by the response of whole-body-irradiated mice, 
which possess no unexposed cells, and by the failure to demon­
strate the tissue-specific effect with partial-body irradiation 
in one strain. 
5. Strain differences exist, both in normal activity lev­
els and in response to radiation. 
6. Crosses between the S and 3a strains result in hybrids 
which are superior in normal activity level and in resistance 
to radiation to the more sensitive Ba parent, and are slightly 
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superior to the less sensitive S parent, indicating a dominant 
and heterotic influence contributing to resistance. Similar 
findings have been reported for survival ability. 
7. The reduction in activity levels observed in 8- to 
12-month-old 3a micc indicates that recovery to normal activity, 
shown within 3 weeks after the initial decline, does not pre­
clude the existence of a more permanent radiation effect which 
may be associated with acceleration of the normal rate of 
physiological changes generally regarded as "aging.11 
8. Differences in activity levels between S and Ea inbred 
mice, reciprocal males and females, and backcross male prog­
enies have implicated the sex chromosomes as a partial deter­
minant of activity level, in addition to other factors which 
include total chromosome origin and degree of heterozygosity. 
The demonstration of a decrement in volitional activity 
caused by 320 r X-irradiation is significant because at this 
dose anatomical and physiological changes are difficult to de­
tect directly, and there has often been the tendency to assume 
that 320 r has little or no effect. Physiological changes can 
be inferred from observation of a gross functional change, but 
the importance of the activity decrement per se in an irra­
diated population should also be considered. 
124 
BIBLIOGRAPHY 
Barigozzi, G. 1950. Le role du chromosome Y chez Drosophlla 
melanogaster. Archlv Julius Klaus-Stiftung fur Verer-
bungsforschung 25: 28-33. 
1951. The influence of the Y-chromo some on quantita­
tive characters of D. melanogaster. Heredity 5: 415-432. 
Beach, F. A. 1941. Effects of brain lesions upon running ac­
tivity in the male rat. Journal of Comoarative Psychology 
31: 145-179. 
Bernstein, S. E., Silvers, A. A., and Silvers, W. K. 1958. An 
attempt to demonstrate a Y-linked histocompatibility gene 
in the house mouse. Journal of the U. S. National Cancer 
Institute 20: 577-580. 
Billingslea, F. 1940. The relationship between emotionality, 
activity, curiosity, persistence and weight in the male 
rat. Journal of Comparative Psychology 29: 315-325. 
Blondal, H. 1958. Initial irradiation reaction in mice. Na­
ture 182: 1026-1027. 
Bogumill, G. P. 1957. Tissue changes in the brains of cats 
and monkeys following cobalt 60 irradiation. Neurologia 
7: 245-252. (Original not available for examination: 
abstracted in Biological Abstracts 32: 36426. 1958.) 
Brody, E. C-. 1942. The genetic basis of spontaneous activity 
in the albino rat. Comparative Psychology Monographs. 
Vol. 17, Ko. 5. 
Brosseau, G. E., Jr. i960. Genetic analysis of the male fer­
tility factors on the Y chromosome of Drosophlla melano­
gaster. Genetics 45: 257-274. 
Browman, L. G. 1937. Light in its relation to activity and 
estrous rhythms in the albino rat. The Journal of Ex­
perimental Zoology T'5: 375-388. 
1943. The effect of controlled temperatures upon 
the spontaneous activity rhythms of the albino rat. The 
Journal of Experimental Zoology 94: 477-489. 
125 
Campbell, 3. A. 1954. Design and reliability of a new activ­
ity-recording device. Journal of Comparative and Phys­
iological Psychology 47: 90-92. 
, and Sheffield, F. D. 1953. Relation of random ac­
tivity to food deprivation. Journal of Comparative and 
Physiological Psychology 46: 320-322. 
Caster, v.r. 0. , P.edgate, E. S. , and Armstrong, D. 1958. 
Changes in the central nervous system after 700 r total-
body X-i rradi at ion. Radiation Research 8: 92-97. 
Claus, V'. D., ed. 1958. Radiation biology and medicine. 
Reading, Massachusetts, Addison-Y/esley Publishing Company, 
Inc. 
Cochran, V,T. G., and Cox, G. M. 1950. Experimental designs. 
New York, John Wiley and Sons, Inc. 
Eayrs, J. T. 1954a. An apparatus for analysing the pattern of 
spontaneous activity in laboratory animals. British Jour­
nal of Animal Behavior 2: 20-24. 
1954b. Spontaneous activity in the rat. British 
Journal of Animal Behavior 2: 25-29. 
Fields, P. E. 1957. The effect of whole-body X radiation upon 
activity drum, straightaway, and maze performances of 
white rats. Journal of Comparative and Physiological Psy­
chology 50: 386-391. 
Finger, F. 1'/. 1951. The effect of food deprivation and sub­
sequent satiation upon general activity in the rat. Jour­
nal of Comparative and Physiological Psvcnolosy 44: 557-
564. 
, and Reid, L. S. 1952. The effect of water depriva­
tion and subsequent satiation upon general activity in the 
rat. Journal of Comparative and Physiological Psychology 
45: 368-372. 
Gangloff, H., and Haley, T. J. 1959. Veranderungen der elek-
trischen Hirntâtigkeit bei -Katzen nach RSntgentotalbes-
trahlung. Experientia 15: 397-399. 
Gerstner, H. G., and Kent, S. P. 1957. Early effects of head 
X-irradiation in rabbits. Radiation Research 6: 626-644. 
126 
Goodall, McC., and Long, M. 1959. Effect of whole-body X-
irradiat ion on the adrenal medulla and the hormones ad­
renaline and noradrenaline. American Journal of Phys-
iology 197: 1265-1270. 
Gowen, J. Iv. 1948. Inheritance of immunity in animals. An­
nual Review of Microbiology 2: 215-254. 
, ed. 1952. Heterosis. Ames, Iowa, The Iowa State 
College Press. 
, and Gay, E. H. 1953. Eversport ing as a function of 
the Y chromosome In Drosophlla melanogaster. National 
Academy of Sciences, U. S. Proceedings 19: 122-126. 
, and Stadler, J. 1956. Life spans of different 
strains of mice as affected by acute irradiation with 100 
nkv X-rays. The Journal of Experimental Zoology 152: 
133-155. 
Grahn, D. 1954. Genetic variations in the response of mice to 
total body X-irradiation. I. Body weight response in six 
inbred strains. Journal of Experimental Zoology 125: 
39-61. 
1958. Acute radiation response of mice from a cross 
between radiosensitive and radioresistant strains. Ge­
netics 43: 835-843. 
Haley, T. J., Flesher, A. V.. , Komesu, N., Mc Cull oh, E. F. , and 
McCormick, W. G. 1958. Effect of X-ray irradiation on 
muscle fatigue in rats. American Journal of Physiology 
193: 355-359. 
Hall, J. F., Smith, K., Schnitzer, S. E., and Hanford, P. V. 
1953. Elevation of activity level in the rat following 
transition from ad libitum to restricted feeding. Journal 
of Comparative and Physiological Psychology 46: 429-435. 
Heller, R. E. 1932. Spontaneous activity in male rats in 
relation to testis hormone. Endocrinology 16: 626-632. 
Hitchcock, R. A. 1925. Studies in vigor. V. The comparative 
activity of male and female albino rats. American Journal 
of Physiology 75: 205-210. 
Hoskins, R. G. 1925. Studies on vigor. II. The effect of 
castration on voluntary activity. American Journal of 
Physiology 72: 324-330. 
127 
, and Small, R. 1940. The influence of diethyl stil-
bestrol on the spontaneous activity of male rats. En­
docrinology 27: 452-454. 
Huff, S. D. 1958. The effect of X-irradiation below the 
median lethal dose for 30 days on volitional activity of 
inbred strains of mice. Unpublished K. S. Thesis. Li­
brary , Ames, Iowa, Iowa State University of Science and 
Technology. 
Jones, D. C., Kimeldorf, D .  J . ,  Castanera, T. J . ,  Rubadeau, D. 
0., and. Osborn, G-. K. 1957b. Effect of bone marrow therapy 
on the volitional activity of whole-body X-irradiated rats. 
American Journal of Physiology 189: 21-23. 
, , Osborn, C-. K. , Castanera, T. J., and Ruba­
deau, D. 0. 1957a. Volitional activity response of rats 
to partial-body X-irradiation. American Journal of 
Physiology 189: 15-20. 
, , Rubadeau, D.  0., and Castanera, T. J. 1953. 
Relationships between volitional activity and age in the 
male rat. American Journal of Physiology 172: 109-114. 
, , , Osborn, C-. K. , and Castanera, 
T. J. 1954. Effect of X-irradiation on performance of 
volitional activity by the adult male rat. American Jour­
nal of Physiology 177: 243-249. 
Kimeldorf, D. J., and J ones, D. C. 1951. The relationship of 
radiation dose to lethality among exercised animals ex­
posed to roentgen rays. American Journal of Physiology 
167: 626-632. 
, , and Castanera, T. J. 1953. Effect of X-
irradiation upon the performance of daily exhaustive exer­
cise by the rat. American Journal of Physiology 174: 331-
335. 
, , and Fishier, K. C. 1950. The effect of 
exercise upon the lethality of roentgen rays for rats. 
Science 112: 175-176. 
Kohn, H. I., Kallman, R. F., Berdjis, C. C., and De Ome, K. B. 
1957. Late effects of whole-body X-irradiation in the 
mouse. Radiation Research 7: 407-435. 
128 
Lashley, K. S. 1920. Studies of cerebral function in learning. 
Psych obi ology 2: 55-135. 
Leary, R. W., and Ruch, T. 0. 1955. Activity, manipulation 
drive, and strength in monkeys subjected to low-level irra­
diation. Journal of Comparative and Physiological Psy­
chology 48: 336-342. 
Lebedinsky, A. V. 1955. The influence of ionizing radiations 
on animal organisms. International Conference on'the 
Peaceful Uses of Atomic Energy Proceedings 11: 7-24. 
Luchnik, N. V. 1557. Influence of hybridization on radiation 
sensitivity. Doklady Akademy Nauk SSSR, Biological Sci­
ences Section 114: 471-473. 
Mason, K. C. , Mason, 3. T . ,  and Moos, S. 1955. Total-head 
(brain) X-irradiation of mice and primary factors involved. 
British Journal of Radiology 28: 495-507. 
McKeen, C.  L ,  Buford, H., Grossman, 3 .  J., Elghammer, R.  M., 
Moulder, P. V. , and Allen, J. C-. 1949. Physical endurance 
of rats following total-body X-irradiation. Argonne Na­
tional Laboratory Quarterly Report, Biological and Medical 
Divisions. Aug., Sept., Oct. 1949: 115-128. 
Minaev, P. F. 1954. Changes in the central nervous system 
during local action of X-rays (Translated title). Zhurnal 
Obshchei Biologii 15: 401-412. (Original available but 
not translated; cited in Caster, »T. 0., Redgate, E. S. , 
and Armstrong, Iv. D. 1958. Changes in the central nervous 
system after 700 r total-body X-irradiation. Radiation 
Research 8: 96). 
Mordkoff, A. M., and Fuller, J. L. 1959. Variability in activ­
ity within inbred and crossbred mice. The Journal of 
Heredity 50: 6-8. 
Moss, W. T. 1957. The effect of irradiating the exteriorized 
small bowel on sugar absorption. American Journal of 
Roentgenology, Radium Theraoy, and Nuclear Medicine 78: 
850-854. 
Munn, N. L. 1950. Handbook of psychological research on the 
rat. Boston, Houghton Mifflin Co. 
Neuhaus, M. J. 1939. A cytogenetic study of the Y-chromosome 
of Drosophila melanogaster. Journal of Genetics 37: 229-
254. 
129 
Ost l e ,  B .  1954 .  S t a t i s t i c s  i n  r e sea rch .  Ames ,  I owa ,  The  
Iowa  S t a t e  Co l l ege  P re s s .  
Pa t t ,  H .  h . ,  Swi f t ,  M.  N . ,  Tv ree ,  S .  B . ,  and  John ,  E .  S .  1947 .  
Adrena l  r e sponse  t o  t o t a l  body  X- rad i a t i on .  Amer i can  
Jou rna l  o f  Phys io logy  150 :  480 -487 .  
Ramey ,  E . ,  Go lds t e in ,  M.  3 .  ,  and  Lev ine ,  ? . .  1950 .  Mechan i sm 
o f  muscu la r  f a t i gue  i n  ad rena l ec tomized  an ima l s .  Amer i can  
Jou rna l  o f  Phys io logy  152 :  10 -16 .  
R ich t e r ,  C .  P .  1922 .  A  behav io r ! s t i c  s tudy  o f  t he  ac t i v i t y  o f  
t he  r a t .  Compara t i ve  Psycho logy  Monographs .  Vo l .  1 ,  
No .  2 .  
1927 .  An ima l  behav io r  and  i n t e rna l  d r ive s .  Qua r t e r ­
l y  Rev iew o f  B io logy  2 :  207 -543 .  
1935 .  The  e f f ec t  o f  e a r ly  gonadec tomy  on  t he  g ros s  
bod i ly  a c t i v i t y  o f  r a t s .  Endoc r ino logy  17 :  445 -450 .  
,  and  Hawkes ,  G .  D .  1939 .  I nc rea sed  spon taneous  a c ­
t i v i t y  and  food  i n t ake  p roduced  i n  r a t s  by  r emova l  o f  t he  
f ron t a l  po l e s  o f  t he  b r a in .  Jou rna l  o f  Neuro log i ca l  P sy ­
ch i a t ry  2 :  251 -242 .  
Rugh ,  R . ,  and  Wol f f ,  J .  1958 .  I nc rea sed  r ad io re s i s t ance  
th rough  he t e ros i s .  Sc i ence  127 :  144 -145 .  
Rundqu i s t ,  E .  A .  1933 .  I nhe r i t ance  o f  spon taneous  a c t i v i t y  
i n  r a t s .  Jou rna l  o f  Compara t i ve  Psycho logy  16 :  415 -438 .  
Seward ,  J .  P . ,  and  Pe reboom,  A .  C .  1955 .  Does  t he  ac t i v i t y  
whee l  measu re  goa l - s t r i v ing  :  Jou rna l  o f  Compara t i ve  and  
Phys io log i ca l  Psycho logy  48 :  272 -277 .  
Sh i r l ey ,  M.  1928a .  S tud i e s  i n  ac t i v i t y .  I .  Cons i s t ency  o f  
t he  r evo lv ing  d rum me thod  o f  measu r ing  t he  ac t i v i t y  o f  
t he  r a t .  Jou rna l  o f  Compara t i ve  Psycho logy  8 :  23 -28 .  
1928b .  S tud i e s  i n  ac t i v i t y .  I I .  Ac t iv i t y  rhy thms ;  
age  and  ac t i v i t y ;  a c t i v i t y  a f t e r  r e s t .  Jou rna l  o f  Com­
pa ra t i ve  Psycho logy  8 :  159 -186 .  
1928c .  S tud i e s  i n  ac t i v i t y .  IV .  The  r e l a t i on  o f  ac ­
t i v i t y  t o  maze  l e a rn ing  and  t o  b ra in  we igh t .  Jou rna l  o f  
Compara t i ve  Psycho logy  8 :  187 -195 .  
130 
Sk inne r ,  E .  F .  1935 .  The  measu remen t  o f  " spon taneous  ac t i v i t y " .  
Jou rna l  o f  Gene ra l  Psycho logy  9 :  3 -23 .  
S lonake r ,  J .  R .  1907 .  The  no rma l  a c t i v i t y  o f  t he  wh i t e  r a t  a t  
d i f f e r en t  ages .  Jou rna l  o f  Compara t i ve  Neuro logy  and  Psy ­
cho logy  17 :  542 -359 .  
1912 .  The  no rma l  a c t i v i t y  o f  t he  a lo ino  r a t  f rom 
b i r t h  t o  na tu ra l  dea th ,  i t s  r a t e  o f  g rowth  and .  t he  du ra t i on  
o f  l i f e .  The  Jou rna l  o f  An ima l  Behav io r  2 :  20 -42 .  
1926 .  Long  f l uc tua t i ons  i n  vo lun t a ry  ac t i v i t y  o f  t he  
a lb ino  r a t .  The  Amer i can  Jou rna l  o f  Phys io logy  77 :  505 -
508 .  
1959 .  The  e f f ec t  o f  d i f f e r en t  pe rcen t ages  o f  p ro ­
t e in  i n  t he  d i e t  o f  s i x  gene ra t i ons  o f  r a t s .  S t an fo rd  
Un ive r s i t y  Pub l i ca t i ons ,  B io log i ca l  Sc i ences .  Vo l .  6 ,  
Mo.  4 .  
Smi th ,  F .  ,  and  Smi th ,  Vf .  I v .  1950 .  Exe rc i s e  fo l l owing  who le -
body  i r r ad i a t i on  o f  mice .  Fede ra t i on  P roceed ings  9 :  117 .  
Snedeco r ,  G .  V» .  1956 .  S t a t i s t i c a l  me thods .  5 th  ed .  Ames ,  
I owa ,  The  Iowa  S t a t e  Co l l ege  P re s s .  
S t ad l e r ,  J .  ,  and  Gowen ,  J .  W.  1957 .  Con t r ibu t ions  t o  su r ­
v iva l  made  by  body  c e l l s  o f  gene t i ca l l y  d i f f e r en t i a t ed  
s t r a in s  o f  mice  fo l l owing  X- i r r ad i a t i on .  B io log i ca l  
Bu l l e t i n  112 :  400 -421 .  
S t ap l e ton ,  G .  E . ,  and  Cur t i s ,  H .  J .  1946 .  The  e f f ec t s  o f  
f a s t  neu t rons  on  t he  ab i l i t y  o f  mice  t o  t ake  fo rced  exe r ­
c i s e .  U .  S .  A tomic  Ene rgy  Commiss ion  Repor t ,  MDDC696 .  
Manha t t an  D i s t r i c t ,  Oak  R idge ,  Tennes see .  Of f i ce  o f  
Techn ica l  Se rv i ce s ,  Wash ing ton  25 ,  D .  C .  
S t ewar t ,  C .  C .  1898 .  Va r i a t i ons  i n  da i l y  ac t i v i t y  p roduced  
by  a l coho l  and  by  changes  i n  ba rome t r i c  p r e s su re  and  d i e t ,  
w i th  a  desc r ip t i on  o f  r eco rd ing  me thods .  Amer i can  Jou rna l  
o f  Phys io logy  1 :  40 -56 .  
Szymansk i ,  J .  S .  1914 .  E ine  Me thode  zu r  Un te r suchung  de r  
Ruhe -  und  Ak t iv i t â t spe r ioden  be l  T i e r en .  Arch iv  fu r  d i e  
Gesamte  Phys io log i e  158 :  343 -385 .  
Thompson ,  W.  R .  1956 .  The  i nhe r i t ance  o f  behav io r .  Ac t iv i t y  
d i f f e r ences  i n  f i ve  inb red  mouse  s t r a in s .  The  Jou rna l  o f  
He red i ty  47 :  147 -148 .  
131 
Ud.godsk . aya ,  L .  K. ,  and  Ud in ,  Y .  G .  1957 .  Or .  t h e  i n f luence  o f  
phys i ca l  s t r e s s  on  t he  c l i n i ca l -morpho log ica l  f ea tu re s  o f  
a cu t e  r ad i a t i on  s i cknes s  (T rans l a t ed  t i t l e ) .  Med ica l  
Rad io log i i  2 :  58 -74 .  (Or ig ina l  no t  ava i l ab l e  fo r  examina ­
t i on ;  abs t r ac t ed  i n  B io log i ca l  Abs t r ac t s  35 :  25893 .  1960) .  
Wang ,  G .  H .  1923 .  Re l a t i on  be tween  1 1  spon taneous"  a c t i v i t y  and  
oes t ru s  cyc ln  i n  t he  wr i t e  r a t .  Compara t i ve  Psycho logy  
Monographs .  Vo l .  2 ,  ITo .  6 .  
,  R ich t e r ,  3 .  P., and  Gu t tmache r ,  A .  F .  1925 .  Ac t iv ­
i t y  s tud i e s  o f  ma le  c a s t r a t ed  r a t s  w i th  ova r i an  t r ans ­
p l an t s ,  and  co r r e l a t i on  o f  t he  ac t i v i t y  wi th  t he  h i s to logy  
o f  t he  g r a f t s .  Amer i can  Jou rna l  o f  Phys io logy  73 :  581 -
V/e l shonp ,  Y, ' .  J . ,  and  Russe l l ,  L .  B .  1959 .  The  Y-ch romo  some  a s  
t he  bea re r  o f  ma le  de t e rmin ing  f ac to r s  i n  t he  mouse .  
Na t iona l  Academy  of Sc iences ,  V .  S .  P roceed ings  45 :  5  60 -
566. 
Young ,  VJ .  C .  ,  and  F i sh ,  'v. R. 1945 .  The  ova r i an  ho rmones  and 
spontaneous runn ing  ac t i v i t y  i n  t he  f ema le  r a t .  Endoc r in -
oïogy 3G: 181-199." 
Za i r a t 1 Yant s ,  V .  P. 1955 .  Changes  i n  the ske l e t a l  muscu la ­
t u r e  i n  r ad i a t i on  d i s ea se  (T rans l a t ed  t i t l e ) .  Ves tn ik  
Rentgenologii i Radiologii 1955: 32-42 (Original not-
ava i l ab l e  fo r  examina t ion ;  abs t r ac t ed  i n  B io log i ca l  Ab-
stracts 32: 29803. 1958.) 
Zol lhause r ,  M. 1958 .  Ve r suche  ube r  Ruhe -  und  Ak t iv i t â t spe r i ­
oden  be l  ve r sch i edenen  Mausea r t en .  Ze i t s ch r i f t  f u r  
Verg l e i chende  Phys io log i e  40 :  642 -663 .  
152 
ACKNOWLEDGMENTS 
The author wishes  t o  exp re s s  he r  app rec i a t i on  t o  Dr .  
John W. Gowen, Professor of Genetics, for contributing the 
i dea  o f  s t udy ing  a  behav io ra l  effect of  r ad i a t i on ,  and  f o r  
his adv ice  and i n t e r e s t  t h roughou t  the cour se  o f  t he  expe r i ­
men t s .  
The  author is a l so  g ra t e fu l  t o  Dr .  J an i ce  S t ad l e r ,  As ­
s i s t an t  P ro fe s so r  o f  Gene t i c s ,  f o r  admin i s t e r ing  t he  r ad i a ­
t i on .  
(Th i s  work  ha s  r ece ived  assistance f rom Con t r ac t  Number  
AT(11-1 )  107  f rom the Atomic  Energy Commiss ion . )  
